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SECTION 1 



INTRODUCTION 



1.1 SCOPE 

1.2. This manual covers installation, 
operation, and maintenance information 
for the Dana Model 5524 Digital Volt- 
meter (Figure 1.1). The manual is in- 
tended for use by personnel responsible 
for operation and/or maintenance of the 
equipment. The information includes 
the physical description, a detailed 
description of the principles of opera- 
tion, and maintenance and troubleshoot- 
ing guides . 

1.3 PURPOSE OF EQUIPMENT 

1.4. The Model 5524 Digital Voltmeter 
is a multiple -function instrument capa- 
ble of measuring dc voltage (filtered or 



unfiltered), dc/dc ratios, dc voltage in 
millivolts, resistance in kilohms and 
ac voltage. The output is displayed on 
a five digit visual readout with a sixth 
"overrange*' digit that extends each 
range by 10% (99999 to 109999). An 
optional Remote Program Accessory 
enables the function, range, and read 
commands to be made externally. In 
addition, an optional Electrical Output 
Accessory provides an isolated binary- 
coded decimal (BCD) output for driving 
a printer or other recording device. A 
sealed case enables the instrument to 
withstand severe environmental condi- 
tions (see "Specifications", 1.13). 

1.5. Automatic ranging (Auto Range), 
circuits within the instrument deter- 




Figure 1.1. Model 5524 Digital Voltmeter 
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(b) Rear Panel Connectors 



Figure 1.2. Connectors and Operating Controls 
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mine the optimum range for the function 
being measured and switch to that 
range automatically. Automatic polar- 
ity detecting circuits (Auto Polarity) 
determine the polarity of the input 
signal and display or prints this in- 
formation with the output. 

1.6 MECHANICAL DESCRIPTION 

1.7. All circuits , except the power 
supply, are mounted on plug-in printed 
circuit boards . The boards are installed 
in the chassis which slides into the 
sealedcaseon rollers . All input/output 
connections are made through sealed 
glass connectors mounted on the sealed 
case . 

1.8. All operating controls are mounted 
on the front panel of the instrument. 
Input connectors , wired in parallel, are 
mounted on both the front (JlOl) and 
rear (J204) panels . They carry the input 
signal, and the reference input used 
for ratio measurements. On the rear 
panel are the power connector (J2 03), 
the remote program connector 0201), 
and the digital output connector (J2 02) . 
Within the instrument are connectors 
JI through J22 into which the circuit 
boards are installed. Figure i -2 shows 
the operating controls and the loca- 
tions of each connector. 

1.9 ELECTRICAL DESCRIPTION (Block 
diagram: Figure 1.3) 

1,10. The instrument uses the null 
balance technique to measure the 
amplitude of unknown voltages. The 
circuit boards in connectors J12 through 
J22 (signal conditioning circuitry) de- 
velop a ten-volt full scale (plus over- 
range) analog voltage of the input which 
may be either an ac, dc, or ohms mea- 
surement. A current, proportional to 
this voltage, is balanced against a 



precise current developed from an in- 
ternal reference voltage in the digitiz- 
ing and display circuits (Jl-Jll). The 
"balancing" of these currents is done 
by a series of trial -and -error- currents 
developed from the known reference 
voltage and compared with the current 
from the signal conditioner. Precision 
resistors in the Digital to Analog Con- 
verter (DAC)divide the reference current 
into 100,000 equally-spaced current 
Increments. The closest increment Is 
determined in a maximum of 45 trials. 
When a null balance has been achieved , 
the digital setting of the DAC is dis- 
played on the visual readout. The 
number shown is the ratio of the input 
signal to the reference voltage in parts 
per 100 , 000 . 

1.11. For example. If the controls are 
set to measure ac volts on the 100-volt 
range, a 50-volt input (rms) results in 
an internal analog voltage of 5 volts dc 
from the signal conditioning circuits. 
This is converted to a current which is 
balanced by an equal current derived 
from the internal reference voltage when 
the DAC arrives at a value of 50,000 
(parts per 100, 000) . The digital display 
now carries the numerals 5-0-0-0-0, 
and range information from the signal 
conditioning circuits place the decimal 
point to read 50.000. 



1.12. In the ratio measuring mode, the 
internal 2 0-volt reference is replaced 
by an external dc voltage, which may 
vary from +2 to +10. 5V (ratio input of 
+20 to 105V optional). The displayed 
value is the ratio between a dc input 
signal and the reference voltage at that 
instant . The ratio between +dc voltages 
and the reference are shown as plus (+) 
ratios; the ratio between -dc voltage 
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Table 1 • 1 • Connector Identification 



Connector 


Function 


11 


Circuit Board, Display 


J2 


Circuit Board, 10,000 
Decade 


J3 


Circuit Board, 1,000 
Decade 


J4 


Circuit Board, lOODecade 


15 


Circuit Board, 10 Decade 


J6 


Circuit Board, 1 Decade 


J7 


Circuit Board, DAC 


18 


Circuit Board, Null 
Detector 


J9 


Circuit Board, Sequence 
Logic 


no 


Circuit Board, Control 
Logic 


Jll 

J12 


Circuit Board, Reference 
and Buffer Amplifier 


J13 

J14 

J15 


Assembly, Control and 


Attenuator 


J16 


Circuit Board, Isolator 


J17 


Circuit Board, Range 
Control 


J18 


Circuit Board, AC 


J19 


Converter 


J20 


Circuit Board, Auto 
Polarity 


J21 


Circuit Board, Ohms 


J22 


Converter 


JlOl 


Signal Input/Reference 
Input 


J201 


Remote Programming Input 
(rear, optional) 


J202 


Digital Output (rear, 
optional) 


J203 


Power (rear) 


J204 


Signal Input/Reference 
Input 



and the reference as minus (-) ratios * 
This bipolar ratio capability (+/+ and 
-/+) is of particular value in applica- 
tions, such as bridge balancing, where 
inputs are likely to pass through zero* 
Since the signal and reference voltages 
are being detected simultaneously, the 
accuracy of the ratio measurement is 
independent of the stability of the 
voltage source. 

1.13 SPECIFICATIONS 

1.14 ENVIRONMENTAL SPECIFICA- 
TIONS 

(a) Temperature - Continuous oper- 
ation from -40<^C to 55*^C. Stor- 
age temperature is from «620c 
to +85°C, Intermittent opera- 
tion is possible at +71^C. 

(b) Humidity - 100% with conden- 
sation in the way of frost or liquid 
water on the equipment. Equip- 
ment to withstand this humidity 
during operation , and exposure 
in a non-operating condition. 

(c) Shock - Will withstand 18 impact 
shocks of 15 g, consisting of 
three shocks in opposite direc- 
tions along each of three perpen- 
dicular axes, eachshock impulse 
having a time duration of 11 + 1 
milliseconds . The g value with- 
in + 10% when measured with a 
0*2 to 25 0 Hz filter, and the 
maximum g occurring at approxi- 
mately 5-1/2 milliseconds. 

(d) Vibration - Will withstand con- 
tinuous vibration along each of 
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the three mutually perpendicular (f) Sand and Dust - As encountered 

axes within the following fre- in desert areas shall not damage 

quency ranges and amplitudes: equipment. 

(g) Fungus - Fungus -supporting at- 
mosphere shall not affect or 
damage equipment. 

(h) Salt-Sea Atmosphere - Shall not 
damage equipment. 

(i) Explosive Conditions - Equipment 
shall not cause ignition of ex- 
plosives; gaseous atmosphere. 

, , , , , , 1.15 ELECTRICAL SPECIFICATIONS 

(e) Interference - Interference con- 
trol is in accordance with MIL-I- 1.16. Electrical Specifications aro 

5101 . tabulated in table 1 .2 . 

NOTE: Instrument meets environmental requirements of 
MIL 21200F when installed in its sealed outer case and 
with front mounting screws secured. 






(ti) DIGITIZING I DISPLAY 



Figure 1.3. Model 5524 Block Diagram 
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Table 1.2. Electrical Specifications 



DANA SERIES 5524 DVM SPECIFICATIONS 



DC VOLTAGE MEASUREMENTS 
Full scale ranges 
Accuracy 

Short term, 24 hours, 23 C 
Long term stability, 6 months 
Temperature coefficient 
Response time: Digitizing 

Digitizing with polarity change 
Range change 

Full scale step function settling time (to 0.01%) 
Common mode rejection: DC 

AC, 61 Hz and below 
Normal mode noise rejection 

Input resistance - at or off null; 10 range 

other ranges 



+10.9999, +109.999, +1099.99 V (max 1000 V) 

+0 . 005% of reading +0 . 00 1% of f . s . 

+ 0.001% of reading per month 

+0,0005% of reading +0.0002% of f.s, per C 

15 milliseconds 

25 milliseconds 

2S0 milliseconds per range 

500 milliseconds with up to 100k -ohm source 

140 dB with up to 100 ohms in either lead 

120 dB with up to 100 ohms in either lead 

60dB min, 50Hz and up: Increasing l8dB/octave; 

80 dB rain, 300Hz and above 

10,000 megohms 

10 megohms 



DC RATIO VOLTAGE MEASUREMENTS 

Full scale ranges 

Accuracy ^ 

Short term, 24 hours, 23 +1 C 
Long term stability, 6 months 
Temperature coefficient 
Response time: Digitizing 

Digitizing with polarity change 
Range change 

Full scale step function settling time (to 0.01%) 
Common mode rejection: DC 

AC. 61 Hz and below 
Normal mode noise rejection 
Input resistance - at or off null: 10 range 

other ranges 

DC VOLTAGE MEASUREMENTS, FAST 

Full scale ranges 

Accuracy 

Short term, 24 hours, 23 + 1 C 
Long term stability, 6 months 
Temperature coefficient 
Response time: Digitizing 

DigitizinQ with polarity change 
Range change 

Full scale step function settling time (to 0.01%) 
Common mode rejection: DC 

AC, 61 Hz and below 

Input resistance - at or off null: 10 V range 
other ranges 

MILLIVOLT MEASUREMENTS 
Full scale ranges 

Accuracy, 3 months: lOOmV range 
lOOOmV range 
Temperature coefficient 
Response time (to 0.01%): Step response 
Range change 

Common mode rejection: DC 

AC, 61 Hz and below 

Input resistance 

AC MEASUREMENTS 
Maximum voltage rating 

Full scale ranges 
Accuracy, 3 months 



Temperature coefficient 
Response time; Step response 

With range change 

Common mode rejection: AC, 61 Hz and below 

Input resistance (all ranges) 

Shunt capacitance at terminals 



+1.09999:1, +10.9999:1, +109.999:1 

+0.004% of reading +0.001 (10 V/ref)% of f.s. 

+0.0003% of reading per month 

+0.0005% of reading +0.0002% of f.s. per °C 

IS milliseconds 

25 milliseconds 

250 milliseconds per range 

500 milliseconds with up to 100k -ohm source 

140 dB with up to 100 ohms in either lead 

120 dB with up to 100 ohms in either lead 

Same as absolute (input only) 

Signal. 10.000 megohms; ref, 20 megohms 
Signal, 10 megohms; ref, 20 megohms 



+10.9999> +109.999, +1099,9 V (max 1000 V) 

+0.005% of reading ^0.001% of f.s. 

+0.001% of reading per month 

+0.0005% of reading +0.0002% of f.s. per C 

15 milliseconds 

25 milliseconds 

250 milliseconds per range 

50 milliseconds with up to lOOk-ohm source 

140 dB with up to 100 ohms in either lead 

94 dB with up to 100 ohms In either lead 

10, 000 megohms 

10 megohms 



+ 109.999, +1099,00 millivolts 
+0.01% of reading +0 . 02% of f . s . 

+0.01% of reading ^0.005% of f.s. 
+0.001% of reading +2 microvolts per ^C 
1 second 
250 milliseconds 

140 dB with up to 100 ohms in either lead 
120 dB with up to 100 ohms in either lead 
100 megohms minimum 



500 V rms, 50 Hz to 10 kHz, decreasing to 
150 V at 50 kHz and above 
10.9999, 109.999, 1099.99 V rms 
50 Hz to 10 kHz; +0.09% of rdg +0.01% f.s. 
10 kHz to 50 kHz:*+0.2% of rdg +0.05% f.s. 
50 kHz to 100 kHz: +0.9% of rdg +0.1% f .s . 
+0.01% of reading and 0.0002% f.s. per ®C 
300 milliseconds (to 0.1%) 

250 milliseconds per range 
94 dB with up to 100 ohms in either lead 
1 megohm in Series with 0.22 microfarad 
less than 200 pF, all ranges 



OHMS MEASUREMENTS 
Maximum voltage across unknown 
Full scale ranges 
Accuracy, 3 months 

1, 10, 100 kllohm ranges 



10 V at f.s., max current 10 mA on 1 kllohm range 
1.09999, 10.9999, 109.999, 1099.99, 10999.9 kilohms 

+0,01% of reading and ^0.001 % f.s. 



1000 kllohm range 



+0.03% of reading and +,0.001% f.s. 



10,000 kllohm range 



+0.1% of reading and +0.001% f.s. 



Temperature coefficient 

1, 10, 100 kllohm ranges 

1000 kllohm range 
10,000 kllohm range 
Response time 

Step response 
With Range change 



+,0.002% of reading and +0.0002% f.s. 
+0.0035% of reading and +0.0002% f.s. 
+0.005% of reading and +0.0002% f.s. 

750 msec 
750 msec/range 



SPEgtfig ft T^ O N S 
Operating temperature range 
Maximum power requirement 

Maximum common mode voltage 

Dimensions 

Guarantee 



-40° to +55°C (internal temp, remains above +IS°C) 
50 watts, lOS to 125 V (export 210 to 250 V). 

50 to 70 Hz (400 Hz special) 

250 volts 

Standard 19-inch rack width; S-1/4'* high 
12 months, faulty workmanship or component failure 




SECTION 2 



INSTALLATION & OPERATION 



2.1 UNPACKING & INSPECTION 

2.2. The Model 5524 Digital Voltmeter 
is crated in a plastic foam container 
consisting of two half-forms Joined to^ 
gether and securely taped. The forms 
are contoured so as to hold the digital 
voltmeter firmly in place with the con- 
tainerabsorbing any reasonable extern- 
al shock. Before uncrating, examine 
the container for any sign of external 
damage. Then perform the following 
steps . 

(a) Carefully cut the tape holding 
the two half-forms together and 
remove the digital voltmeter. 
Inspect the digital voltmeter for 
signs of damage. If damage is 
found, notify the carrier imme- 
diately. 

(b) Remove the chassis from the 
sealed case byremoving the eight 
screws on the front panel and 
pulling gently but firmly toward 
the front of the instrument. (It is 
not necessary to remove the 
chassis completely from the case. 
Slide it out far enough to expose 
the boards.) See that all boards 
are firmly seated in the connec- 
tors. Replace dessicant (see 2 . 9) . 

(c) Replace chassis and secure by 
tightening the eight panel screws . 

2.3 POWER CONNECTION 

2.4. An eight-foot, three -wire, coiled 
power cable is suppliedwith the instru- 
ment. This cord connects to a three- 
pin power connector (J203) at the rear 
of the unit. 



2.5 INPUT CONNECTOR 

2.6. JlOl on the front panel is wired 
in parallel with J2 04 on the rear panel. 
These connectors are supplied with 
mating connectors only. No cables are 
supplied. Pin assignments of the input 
connector are listed below. 



Table 2.1. Pin Assignments - 
Input Connectors 



FUNCTION 


PIN 


-t Signal 


N 


- Signal 


P 


+ Ohms 


R 


- Ohms 


S 


Ref. Input (ratios) 


T 


Guard 


Pins A thru M 



2.7 REMOTE PROGRAM/DIGITAL OUT- 
PUT CONNECTORS 

2.8. For pin assignments and other 
information necessary for installation 
and operation of the optional Electrical 
Output and Remote Programming acces- 
sories, see Section 3. 

2.9 DESSICANT 

2.10. The dessicant consists of a 
moisture adsorption packet and a hu- 
midity indicator placed within the 
sealed case of the instrument. The 
packet should be replaced each time the 
sealed case is opened. 

2.11. The packet is supplied in a 
heat-sealed outer bag, The sealed 
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outer bag must not be punctured or 
opened until ready for use. When the 
outer bag is opened, the dot on the 
humidity indicator should be blue. If 
not blue, the adsorption packet is 
defective and another should be used. 
Once the sealed bag is opened, the 
adsorption packet must be installed 
and the Instrument sealed within five 
minutes . 

2.12. Additional adsorption packets 
may be obtained from: 

Coast Engineering Laboratory 
3755 Inglewood Avenue 
Redondo Beach, California 

Order by part number DEEC-1 . 

2.13 INITIAL CHECKOUT PROCEDURES 

2.14. The following procedure is per- 
formed to verify that no damage has 
occurred during shipment and that the 
instrument is operative. Slight devi- 
ations in readings during the following 
tests may be corrected by making sim- 
pie adjustments. For instructions refer 
to Section 5, "Calibration”, Any major 
discrepancies should be reported to 
the carrier and to Dana Laboratories 
immediately. 

2.15. Prior to performing the checkout 
procedure, it may be advisable to refer 
to the operating instructions beginning 
at 2.25. 

2.16 ZERO CHECK 

(a) Set FUNCTION control to MV and 
RANGE to 100. 

(b) Short input leads. Visual read- 
out should display 000.00. 



(c) If necessary, adjust MV ZERO 
on front panel to obtain this 
reading. 

2.17 POLARITY GAIN CHECK 

(a) Set FUNCTION control to DC and 
RANGE to 10, 

(b) Apply a known voltage of approxi- 
mately -10 volts to the input. 
Visual readout should display 
value of input voltage (within 
specified tolerance and proper 
polarity. 

2.18 RANGE CHECK 

(a) Set RANGE to 100. 

(b) Connect input to a source of +100 
DC. 

(c) Visual readout should display 
input value and proper polarity. 

(d) Vary input voltage and polarity 
and check for proper readout 
(within specified tolerance) . 

(e) Repeat on 1000 volt range. 

(f) Repeat the above steps with 
range on mV and using lOOmV and 
lOOOmV inputs. 

2.19 AC CHECK 

(a) Connect signal generator to 
input. Set FUNCTION switch to 
AC. 

(b) Set generator to SOHz and check 
for proper readout at the follow- 
ing input voltages: 9volts,90.0 
volts, and 125 volts. 
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2.20 OHMS CHECK 

(a) Measure standard resistors of 
values near full scale for each 
range . 

(b) Check for proper readout (within 
specified tolerance) and ohms 
indication. 

2.21 FUSES 

2.22. On the rear panel are three 
fuses: F201, the power fuse; F202, 

the fan fuse; and F203, heater fuse 
(the 400 watt heater is operated by a 
thermostat within the instrument) . Each 
fuse is wired to an indicator on the 
front panel that illuminates when the 
corresponding fuse is blown. The fuses 
are identified in table 2.2. 

2.23 EXTERNAL CONNECTOR IDENTIFI- 
CATION 

2.24. All external connectors are iden- 
tified in table 2.3. 



Table 2.2. Fuse Identification 



Fuse 


Function 


Type 


F201 


Power 


F026 250V 1 Amp 


F202 


Fan 


F02B 250V 1 Amp 


F203 


Heater 


F02B 250V 5A 



2.25 CONTROLS (See Figure 2.1) 

2.2 6 POWER SWITCH 

2.27. This is a two-position switch 
that applies power to the Instrument. 
When Power is ON, the DVM display 
is always lit. 

2.28 READ/HOLD SWITCH 

2.29, This is a two-position switch 
that allows the operator a choice of a 
READ mode, in which new readings ere 
commanded at a fixed rate of four per 
second, ora HOLD mode, which freezes 



Table 2,3. External Connector Identification 



Connector 


Dana P/N 


Mfr. 


P/N 


Signal Input JlOl 
Mating Connector 


600359 

600352 


Glass Seal 
Gannon 


BE1H14-19P (Var B) 
KSP06F14-19S 


Remote Program J2 01 
Mating Connector 


600357 

600353 


Glass Seal 
Cannon 


BE7H16-26P 

KSP06F16-26S 


Digital Output J202 
Mating Connector 


600356 

600355 


1 Glass Seal 
Cannon 


BE7H22-55P 

KSP06F22-55S 


Power J203 
Mating Connector 


600360 

600354 


Glass Seal 
Cannon 


BE7H12-3P 

KSP06F12-3S 


Signal Input J204 
Mating Connector 


600358 

600352 


Glass Seal 
Cannon 


BE7H14-19P (Var A) 
KSP06F14-19S 
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RANGE 



FUNCTION 



r 







Tlgure 2.1. Control Panel 



the last previous reading indefinitely. 
HOLD is released by turning the switch 
back to the READ position, 

2.30 FUNCTION SWITCH 

2.31. The FUNCTION switch is a 
seven-position switch having the fol- 
lowing positions: 

{a) REMOTE. In REMOTE, the selec- 
tion of the function to be meas- 
ured is made externally through 
the Remote Program input con- 
nector. 

(b) FAST DC . This position selects 
high-speed, non-filtered DC 
measurements from lOOuv to 1000 
volts (plus overrange) . 

(c) DC. DC selects medium-speed 
dc measurements from lOOuv to 
1000 volts. An input filter is 



installed in the circuit in this 
position. 

(d) 1 OX RATIO . This position selects 

the measurement of the ratio of 
the DC input voltage to a +DC 
reference voltage (+2 to +11 V.) 
both applied at the input con- 
nector. 

AC ■ This position selects the 
measurement of AC voltages from 
lOOuv to 1000 V (rms) at 50Hz to 
lOOkHs, 

(f) MV . This position selects the 
measurement of low-level DC 
voltages from 1 microvolt to 
1000 millivolts (plus overrange). 

(g) K-OHM . This position selects 
the measurement of resistance 
from 0 , 1 ohm to 1 0 megohms , 

2 . 32 RANGE SWITCH 

2.33, The RANGE switch has five fixed 
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range positions, an AUTO position and 
REMOTE. 

(a) Fixed Ranges . The five fixed 
ranges are 1, 10, 100, 1000, and 
10,000. Inscriptions on the panel 
define the ranges which can be 
used with particular functions . 
AC, DC, and FAST DC measure- 
ments can be taken on the 10, 
100, and 1000 volt ranges . Milli- 
volts can be measured on the 100 
and 1000 ranges . Resistance can 
be measured on all five ranges . 
If a range is selected that is 
invalid for the function being 
measured, the instrument ad- 
vances to the 1000 range whether 
or not there is an input. For ex- 
ample, if 10000 range is selected 
in MV function, the range ad- 
vances to 1000. When this hap- 
pens, the decimal point on the 
readout is blank indicating in- 
correct data. 

(b) AUTO (Automatic) . In this posi- 
tion, range is automatically se- 
lected for all functions by 
internal circuits . 

(c) REMOTE . In this position, the 
selection of range Is made ex- 
ternally through the Remote Pro- 
gram input. 

2.34 MANUAL OPiRATION 

2.35. Once the instrument has been 
connected to the power line and to the 
signal source in accordance with the 
instructions in 2.3 through 2.12, the 
operator can make all the required 
measurements by setting the front panel 
manual controls to the indicated posi- 
tions. Remote program operation is 
covered in Section 3 . The voltmeter 
displays the four-per-second readings 



.in the READ mode. It is therefore 
normally most convenient to leave the 
READ/HOLD control on the READ posi- 
tion, using the HOLD position only for 
special applications, such as remote 
command operation. When switching 
from one type of measurement to another 
by turning the FUNCTION control, it Is 
generally advisable to keep the RANGE 
switch on AUTO so as to avoid over- 
loading the input circuitry. 



CAUTION 

Voltage exceeding 250 volts must 
not be applied between chassis 
ground and guard (input connector, 
pins A through M) or between guard 
and the low input terminal (pin P) . 
Avoid introducing more than 500 
volts into the instrument while the 
FUNCTION switch is on AC or more 
than 30 volts while the FUNCTION 
switch is on MV. 



2.36 DC MEASUREMENTS, FAST, NOR- 
MAL, AND MILLIVOLT 

2.37. (Pin assignments of the signal 
input connector are repeated in figure 
2.2). Attach the high side of the signal 
source to pin N of the input connector 
(JlOl or J204); and the low side to pin 
P. The guard is connected to the low 
side of the measurement point. 



JlOl . 
H 

0 


3R J204 
+SIGNAL IN 


p_ 


-SIGNAL IN 


R 1 

O - 


+0HMS CURRENT SQURCP 


i- 


-OHMS CURRENT SOURCE 




REFERENCE INPUT 


PINS 1 
TO GUi 

Figure 2 


A THROUGH M CONNECTED 
ARC 

.2, Input Connector 
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Table 2.4. Four-Wire Operational Ohmmeter 



in 



R 

X 




lead resistance) 



Since I, 
in 





R 

X 



R 

s 



E 

and 

ref 



R 

X 

R 



s 



Analysis of Lead Resistance 

Lead resistances T2 and 13 have no effect since there is no current flow through 
them. Resistance r^ is eliminated by being placed within the feedback loop. 
This is accomplished by proper placement of the voltage sensing lead (r3) . 

Resistance rj affects the full scale current. Therefore, it causes a "percent 
of reading" error equal to: 

RlX.lOO ^ where R = Standard Resistor 

— 

s 

For example, if is 1 ohm and the standard resistor is 2K, the % of 
reading error is 0.05%. 

It is important to note that rj^ has no effect at zero resistance and does 
not cause a % of full-scale error. For example, using the two-wire 
method, a lead resistance of I ohm creates an error of 1% when measuring 
100 ohms (R^) , 

If lead resistance is changed, a full scale adjustment must be made to 
maintain full accuracy. 
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2.38 AC MEASUREMENTS 



2.39. Attach the high side of the 
signal source to pin N, the low side 
to pin P. Connect guard to low side of 
measurement point. 







REFERENCE 

VOLTAGE 




— O j 

P 

- 


INPUT 

VOLTAGE 


T 

0~" 









JIOI OR J204 



(a) Three -W ire Ratio Measurements 



[NPUT 

VOLTAGE 



N 

-c 

P 

~c~ 

T 

o- 



REEERENCE 

VOLTAGE 



DIFFERENTIAL 
AMPL. 



(b) Four *-W ire Ratio Measurements 



Figure 2,3. Ratio Measurements 



2 . 40 RATIO MEASUREMENTS 

2.41. Attach the signal input as for the 
DC instructions . Attach the +DG refer- 
ence voltage with the positive side to 
pin T and the negative side to pin P, 
The instrument by itself makes three- 
wire ratio measurements since the signal 
and reference voltage have a joint com- 
mon (see figure 2.3), For four -wire 
ratio measurements , an external differ- 
ential amplifier{such as the Dana Model 
2820) must be used. The amplifier can 
be placed in either the signal or refer- 
ence input, depending on application. 



PIN R_ 



PIN N- 



R J 






U 


I 1 





PIN S 
PIN P 



(a) Two-Wire Ohms Measurement 



PIN R_ 
PIN N. 



T 






PIN S 
PIN P 



(b) Four -Wire Ohms Measurement 



Figure 2.4. Ohms Measurements 



2.42 OHMS MEASUREMENTS 

2.43. For two-wire ohms measure- 
ments, jumper pin R to pin N and plnS 
to pin P. The unknown resistance may 
be connected across either set of ter- 
minals . 

2.44. For four-wire ohms measure- 
ments, separate sets of leads are con- 
nected to the non-jumpered signal input 
and ohmmeter-current source terminals. 
These leads are connected to the un- 
known resistance in the manner shown 
in figure 2.4. 

2.45. The f o u r-w ire configuration 
minimizes the effect of lead resis- 
tance. However, when this method of 
measurement is used, the full scale 
reading must be re-adjusted (by recali- 
bration of the Ohms Converter with the 
cables to be used for measurement). 
No zero adjustment is required. See 
Table 2.4 for analysis of lead resis- 
tance . 
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2.38 AC MEASUREMENTS 



2.39. Attach the high side of the 
signal source to pin N, the low side 
to pin P. Connect guard to low side of 
measurement point. 







REFERENCE 

VOLTAGE 




— O j 

P 

- 


INPUT 

VOLTAGE 


T 
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(a) Three -W ire Ratio Measurements 



[NPUT 

VOLTAGE 



N 

-c 

P 

~c~ 

T 

o- 



REEERENCE 

VOLTAGE 



DIFFERENTIAL 
AMPL. 



(b) Four *-W ire Ratio Measurements 



Figure 2,3. Ratio Measurements 



2 . 40 RATIO MEASUREMENTS 

2.41. Attach the signal input as for the 
DC instructions . Attach the +DG refer- 
ence voltage with the positive side to 
pin T and the negative side to pin P, 
The instrument by itself makes three- 
wire ratio measurements since the signal 
and reference voltage have a joint com- 
mon (see figure 2.3), For four -wire 
ratio measurements , an external differ- 
ential amplifier{such as the Dana Model 
2820) must be used. The amplifier can 
be placed in either the signal or refer- 
ence input, depending on application. 



PIN R_ 



PIN N- 



R J 






U 


I 1 





PIN S 
PIN P 



(a) Two-Wire Ohms Measurement 



PIN R_ 
PIN N. 



T 






PIN S 
PIN P 



(b) Four -Wire Ohms Measurement 



Figure 2.4. Ohms Measurements 



2.42 OHMS MEASUREMENTS 

2.43. For two-wire ohms measure- 
ments, jumper pin R to pin N and plnS 
to pin P. The unknown resistance may 
be connected across either set of ter- 
minals . 

2.44. For four-wire ohms measure- 
ments, separate sets of leads are con- 
nected to the non-jumpered signal input 
and ohmmeter-current source terminals. 
These leads are connected to the un- 
known resistance in the manner shown 
in figure 2.4. 

2.45. The f o u r-w ire configuration 
minimizes the effect of lead resis- 
tance. However, when this method of 
measurement is used, the full scale 
reading must be re-adjusted (by recali- 
bration of the Ohms Converter with the 
cables to be used for measurement). 
No zero adjustment is required. See 
Table 2.4 for analysis of lead resis- 
tance . 
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3.44. MV/DC RATIOS 

3.45. The programming accessory 
enables the measurement of +MV/+DC 
and MV/DC ratios not possible with 
manual operation. 

(a) Select desired range by applying 
a closure to common at the 
appropriate pin . Select ratio by 
applying common at pin G . 

(b) Select the numerator of the ratio 
(MV) by a common to pin D. 



Wait 25 milliseconds and apply 
the input signal. No delay is 
necessary in application of the 
reference input. Apply a com- 
mon to pin M, the Delayed 
Command — or provide a delay 
for settling time of the function 
and apply a common to the Di- 
rect Command input, pin P. 



3,46. The instrument will now meas- 
ure the ratio and display or print a 
number equal to ten times the ratio. 
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SECTION 3 



DIGITAL OUTPUT AND REMOTE PROGRAM ACCESSORIES 



3.1 INTRODUCTION AND OPTIONS 

3.2. The isolated accessories avail- 
able for use with the Dana Model 5524 
Digital Voltmeter allow operation with 
non-isolated equipment with no loss 
in the common-mode characteristics 
of the voltmeter. This is achieved by 
the use of guardedreed relays between 
the instrument and all external input/ 
output lines. The basic accessories 
and their identifying model numbers 
are listed below: 

Isolated Electrical Output Model 76 

Isolated Remote Program Model 77 

Isolated Electrical Output/Isolated 
Remote Program Model 78 

3.3. The isolated output can be 
adapted to the format requirements of 
a wide variety of printers and other 
digital output devices by use of a diode 
matrix which converts the internal 
digital voltmeter code to the desired 
BCD output , The more commonly used 
codes (1-2-4-8 and 1-2 -2-4)have been 
standardizedand as s Igned option 
numbers. Other BCD codes can be 
provided on special order. 

3.4. Output voltage levels are pro- 
duced by a switch closure to an ex- 
ternally supplied reference voltage. 
The user can, therefore, obtain the 
desired voltage levels by specifying 
either a switch -closure for a “false” 
bit or a switch-closure for a "true" bit. 
An open switch, of course, represents 



the complementary state. With con- 
tact-closure "true" specified, negative 
true outputs are obtained when a posi- 
tive reference voltage is supplied; 
positive true outputs are obtained when 
a negative reference is supplied. With 
a contact-closure "false" , the output 
sense is reversed, 

3.5. The options described above are 
designated by a suffix to the basic 
accessory model number: 

1-2 -4-8 with switch-closure "true" 
is designated as D1 , 

1-2 -4-8 with switchrclosure "false" 
is designated as D2 . 

1-2 -2 -4 with switch-closure "true" 
is designated as El, 

1-2 -2 -4 with switch-closure "false" 
is designated as E2 . 

3.6. Forexample,a Model 5524 DVM 
having basic accessory Model 75 with 
1-2 -4-8 code, switch -closure "true" 
is identified as 5524-7 8-Dl. 

3.7. Physically, each basic accessory 
consists of a printed circuit "mother- 
board" containing nine connectors into 
which additional printed circuit boards 
are placed. The nine connectors are 
designated as J211 through J219. Four 
types of boards are used; the quantity 
of each is determined by the basic 
accessory model. The complement of 
each type board in each basic acces- 
sory is shown in table 3.1. Separate 
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Table 3 . K Board Types 



Basic Accessory 


Isolated Output Boards 


Isolated 

Programming 

Boards 


Range & 
Funct . 
Code 
Board 


Corn'd 

Logic 

Board 


Delay 

Board 




J211 


J212 


1213 


HI 


J215 


J216 


J217 


1218 


J219 


J220 


Model 76 


X 


X 




B 


X 




X : 


: ^ 


X 




Model 77 










X 


X 


•X 




X 


X 


Model 7 8 


X 


X 




iD 


X 


X 


X 


X 


X 


X 



sets of diode matrices are Installed in 
the decade boards and in the output 
acces sory to obtain the proper BCD out- 
put for the specified option. 

3.8. The digital outputs of e a c h 
accessory are delivered through con- 
nector J2 02; program inputs are made 
through 1201. The co nn e ctors are 
mounted on the rear panel of the DVM 
(see Figure 3.1). Specific pin assign- 
ments of the connectors are listed on 
the pin assignments charts, Table 3,3 
(page 3-6) and Table 3.6 (page 3-10) . 



fT 



pm 



FAN 



HTR 




y q2Q3 






3.9 ISOLATED OUTPUT BOARD (J2U 
through J215) 

3.10. The Isolated Output circuit 
boards are used in basic accessories 
76 and 78 only, since Model 77 does 
not deliver an electrical output. The 
boards contain guarded reed relays that 
provide isolation between the digital 
voltmeter circuits and the output de- 
vice . They also contain diode matrices 
to convert polarity and overrange infor- 
mation into the desired BCD output for- 
mat. The configuration of a typical 
outputbit (Xl) is shown in Figure 3.2. 

3.11. When the XI input from the DVM 
digitizing circuits is at digital common, 
relay K1 is energized. This places the 
XI output at common. When K1 is not 
energized, the voltage at the Xl output 
is dependent on the external supply 
voltage. Relay K1 is energized on 
either the "true" or "false" DVM out- 
puts depending on the option selected 
and determined by the diode matrix in 
the Decades of the digital voltmeter. 

3.12 ISOLATED PROORAMMING BOARD 

Q216 - J217) 

3.13. The configuration of atypical 
Isolated Programming input circuit is 
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Figure 3.1. Rear Panel 






















J202 




shown In Figure 3.3. Two boards are 
used in Models and 7 8 one board 
(J217) is used in Model 76. 

3.14- The command for a function or 
range selection is made by supplying a 
common to the appropriate pin on the 
Programming Input connector. One side 
of each programming relay is tied to one 
side of each of the other relays and to 
the external +12 volt supply supplied 
by user. 

3.15. Current flow through a closed 
circuit is approximately 6 milliamperes. 



J201 I 



EXT 

12V 






N 






L- 

i 



3 

o/ 



Figure 3.3, Typical Program Input 



3.16 RANGE/ FUNCTION CODE BOARD 
(J218) 

3.17, The Range/Function Code board 
contains two diode matrices. One is 
used to convert the internal DVM func- 
tion code to the selected output format: 
the other matrix converts the internal 
DVM range code to the selected output 
format. Specific coding differs with 
the option selected. The codes are 
identified on the "Pin Assignments" 
chart for the particular accessory, 

3.18 COMMAND LOGIC BOARD 
(J219) 

3.19. The Command Logic Board used 
in the Model 7 6 options, provides an 
approximate 1 ms delay for the print 
drive signal. The Command Logic 
Board used in the Models 77 and 78 
options, is used in conjunction with 
the Delay Board (J220). These two 
boards, provide a delay or "timeout" 
period to provide settling time for the 
input accessories (used with AC, DC, 
Kllohms, or MV measurements) and 
to allow time for the DVM to change 
ranges when operating in Auto Range. 
At the end of the delay period, a Print 
Command is generated. 
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DVM 

Command 



Direct 

Command 

Delay 

Command 



Change 

Start/- 

Stop 



p-x 


L 


L. Print 


Print 




^ , 


Driver 



Print 



Figure 3.4. Block Diagram - Delay Circuit 



3.20. A simplified diagram of the 
Command Logic and delay circuitry is 
shown in figure 3.4. This general 
configuration is used with Models 77 
and 7 8. A simplified block diagram of 
the Print Command logic used in the 
Model 76 options Is shown in figure 
3.5. 

3.21 DVM COMMAND 

3.22. The DVM Command is applied 
to the Instrument causing a new read- 
ing to be taken . The command is initi- 
ated on the negative -going edge of a 
positive pulse generated by the Com- 
mand flip-flop. The flip-flop is set 
true by either the Direct Command or 
an inverted start stop strobe pulse 
generated at the end of a DVM read 
cycle . The flip-flop is reset by the 
delayed output of the one shot (initi- 
ated by either the direct or delay com- 
mand) or the delayed pulse of the delay 



generator. The Delay Generator pro- 
vides various timeouts to allow for the 
settling time of the accessory selected 
(see table 3.2). The delay determining 
portion of the circuit is located on the 
Delay Board. The Delay starts when 
the delay flip-flop Is set true by the 
Delay Command or by the O's and 9's 
signals from the decades indicating 
that either the up or down range change 
is required. The Delay flip-flop is 
then reset by the start-strobe . 



Type of Measurement 


Delay 


DC Volts - Fast 


105 ms ' 


Ratio 


630 ms 


DC Volts 


630 ms 


AC Volts 


460 ms 


Millivolts 


1,25 sec 


Ohms 


890 ms 



Table 3.2, Delay Times 
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Print 

Drive 



DVM 

Command 



Figure 3.5. Print Command Logic 



Start/Stop 

Print 



J L_ 

J L 

200ps Min 



Ref. Vol. 
Common 



PRINT Command is a contact 
closure at the completion of 
the read cycle . The contact 
is open during the read cycle . 



3,23. The Print signal indicates that 
the instrument has completed the read 
cycle. The Print is taken from the 
Inverted start-stop strobe signal and 
extended approximately 1 millisecond 
by the Print Drive circuit on the Delay 
Board. The Print signal is inhibited 
during a range and polarity change. 

3.24 DIGITAL OUTPUT CONNECTIONS 

3.25. Pin assignments of the Digital 
Output connector^ J202, are given in 
Table 3.3. The outputs include data 
from each decade (units through 
100, 000) range, polarity, and function. 
Each output consists of four bits, XI 
through -X4, representing 1-2 -2-4 or 
1-2 -4-8 depending on the option. The 
BCD output format for each option is 
shown in Table 3.4. The table also 
includes s ample data outputs , Outputs 
are obtained by supplying an external 
reference voltage as described below. 

3.26 EXTERNAL VOLTAGE SUPPLY 

3.27. The external reference supply of 
up to 100 volts is applied across pins 
T and S of J202. This voltage is pres- 
ent at each individual output pin when 
the corresponding relay contacts are 
open (Figure 3.2), This will occur on 
either a true or false bit, depending on 
the option selected. 



Figure 3.6. Print Command 

3.28. The common sides of each pair 
of relay contacts are normally tied to- 
gether. However, the commons for 
each group can be brought out sepa- 
rately (as explained in 3,33) If so 
desired. 

3.29. Polarity bits X2, X3, and X4 
are either permanently strapped to 
common or tied (through 47 K ohm resis- 
tors) to the reference voltage, depend- 
ing on option. 

3.30 PRINT COMMAND 

3.31. The Print Command, 12 01 -pin U, 
indicates to the printer that the data 
present at the output connector is final 
data (the measurement cycle has been 
completed) and that it is time to print. 
During the measurement cycle, the 
printer is inhibited from printing the 
interim data values by a voltage level 
on this line. At the end of the meas- 
urement cycle, the level changes pro- 
viding the print command (Figure 3.6), 
The signal can be of either polarity . 
The voltage is the external reference 
voltage in series with 47K resistor. 

3.32. The external reference voltage 
and the print command appear at both 
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Table 3 . 3 
Digital Output 
Connector J202 



Function 


Pins 


Function 


Range 


XI 


1 

HH 1 


FF 


Range 


X3 


Range 


X2 


GG ! 


EE 


Range 


X4 


Polarity 


XI 


CC 


AA 


Polarity 


X3 


Polarity 


X2 


BB 


z 


Polarity 


X4 


Units 


XI 


y 


w 


Units 


X3 


Units 


X2 


X 


V 


Units 


X4 


lO's 


XI 


u 


s 


lO's 


X3 


lO's 


X2 


t 


r 


lO's 


X4 


lOO's 


XI 


q 


n 


lOO's 


X3 


lOO's 


X2 


p 


m 


lOO's 


X4 


lOOO's 


XI 


k 


i 


lOOO's 


X3 


lOOO's 


X2 


j 


h 


lOOO's 


X4 


lOK's 


XI 


g 


e 


lOK's 


X3 


lOK's 


X2 


f 


d 


lOK's 


X4 


lOOK's 


XI 


c 


a 


lOOK's 


X3 ; 


lOOK's 


X2 


b 


2 


lOOK's 


X4 : 


Function 


XI 


Y 


W 


Function X3 i 


Function 


X2 


X 


V 


Function X4 


Print Command, (l) 


U 


G 


Function Common (2) 


Ext. Reference (l) 


T 


H 


Range Common (2) 


Common 


U) 


S 


N : 


Polarity Common (2) 








M 


Units Common (2) 








R 


lO's Common (2) 








K 


lOO's Common (2) 








P 


lOOO's Common (2) 








L 


lOK's Common (2) 








J 


lOOK's Common (2) 



(1) Model 77 equipped with these lines only 

(2) See paragraph 3.33 
Mating Connector: 

Dana P/N 600356 - Glass Seal P/N BE7H22-55P 









the Digital Output connector and the 
Program Input connector (figure 3 .^ 7)4 
Therefore, these external connections 
can be made at either of the two 
connectors . 

3.33 DIGITAL OUTPUT COMMONS 

3.34. As shown on the basic sche- 
matic of the Digital Output circuits , 
the commons for each group of outputs 
are tied together. If it is desired to 
isolate any or all groups of outputs, 
it is necessary to move the factory- 
installed jumpers to the appropriate 
pins. The terminals at which the Jum- 
pers are installed are physically lo- 
cated on the "mother board" and are 
identified on the Intraconnection draw- 
ing (430699) . The jumper terminals 
are listed in Table 3,5. To isolate 
any output , remove the factory- 
installed jumper at the terminals 
listed In column 3 and install jumpers 



at the terminals listed in column 4. 

3.35 REMOTE PROGRAM OPERATION 

3.36. With the Remote Program acces- 
sory, the instrument can be operated by 
remote contact closures or by a com- 
bination of front-panel manual controls 
and remote contact closures. 

3.37. Table 3 . 6 provides a list of pin 
assignments of the instructions that 
may be programmed at J201 , the Remote 
Program connector. In order to operate 
the isolated relays, it is necessary to 
connect an external +12 volts to pin N 
of J201 (see Figure 3 . 7 ) , An instruction 
is transmitted into the instrument by 
providing a common (to the externally 
supplied +12 volts) at the pin corres- 
ponding to the desired command (identi- 
fied in Table 3.6). The instruction is 
not operative, however, unless the 
corresponding manual control on the 



Table 3.5. Common Jumpers 



(1) 

J202 

Pin 


(2) 

Function 


(3) 

Jumpers 

Installed 


(4) 

Jumpers I 

for Isolation I 


G ^ 


Function Common 


E2 - ElO 


ElO - E20 i[ 


L 


10,000's Common 


E8-E11 


Ell - E19 


P 


lOOO's Common 


E 9 - E12 


E12 - E23 


K 


100' s Common 


E7 - E13 


E13 - E24 


R 


lO's Common 


E5 - E14 1 


E14 - E25 ^ 


N 


Polarity Common 


E4 - E16 


E16 - E27 


M 


Units Common 


E3 - E15 


E15 - E26 


H 


Range Common 


El - E18 


E18 - E21 


I 


100,000*s Common 


E6 - E17 

-1 


E17 - E22 
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front panel is sot to its REMOTE posi- 
tion. Thorofore, to remotely program 
the range, the RANGE control must be 
set to REMOTE . The same is true of the 
FUNCTION control, if the function is 
to be remotely programmed. It is poo- 



Table 3 . 6 
Remote Program 
Connector J201 



Function 


Pin 


1 Range 


Y 


10 Range 


W 


100 Range 


L 


1000 Range 


K 


lOK Range 


J 


Ratio 


G 


DC Fast 


H 


DC 


V i 


AC 


X • 


MV 


D 


Kilohms 


F 


o 

i— ■ 


U 


Command 


P i 


Delayed Command 


M : 


Ext . Reference 


R 


Common 


B 


Print 


JC 


+ 12 Volts U) 


N 


Model 76 equipped with these 


lines only 




Mating Connector: 




Dana P/N 6003S6 




Glass Seal P/N BE7H22- 


-55P 



sible, howevnr, to set one control 
manually while another is being re- 
motely controlled. 

3.38. Each Accessory includes a pin 
for commanding the instrument to take 
a reading. To enable this command 
function, the instrument is put in the 
Hold mode, either by turning the front 
panel READ-HOLD control to the HOLD 
position or by providing a command 
(common) to pin U (Hold) . A single 
reading can then be commanded by a 
common to pin P (command) . The 
instrument immediately initiates a 
measurement cycle, and holds this 
measurement until the common at pin P 
is broken and again made. 

3.39. The delays listed in table 3.2 
are obtained by applying a common to 
pin M, the Delayed Command, rather 
than pin P which provides no Internal 
delay. 

3.40 GENERAL PROGRAMMING RULES 

(a) Commands (contact closures) 
must be 3 milliseconds (min.) 
duration , 

(b) The range and function relays 
require approximately 25 milli- 
seconds to switch. Therefore, 
after the function and range 
selections are made, 25 milli- 
seconds should be allowed be- 
fore application of the Input 
signal. 

(c) If the Read Command is made at 
the Direct Command input (pin P) 
rather than the Delayed Command 
input (pin M), a delay equal to 
that in Table 3 . 7 must be provided 
if the range, function, or input 
signal have been changed. 
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Table 3.7. 


Settling Time 


Function 


Settling Time 


DC Volts Fast 
Ratio 
DC Volts 
AC Volts 
Millivolts 
Ohms 


50 milliseconds 
500 milliseconds 
500 milliseconds 
300 milliseconds 
1 sec 

750 milliseconds 


These are settling times 
only. Table 3.2 lists the 
automatic timeout periods 
taken when using the de- 
layed command . Times in 
Table 3.2 include settling 
time plus tolerances of 
■ components . 



(d) If no remote range selection is 
made and the Range switch on 
front panel is on REMOTE, the 
instrument is in Auto Range . 

(e) W ith the instrument on Auto 
Range and the Direct Command 
input used, the Command (clos- 
ures) must not exceed 2 5 milli- 
seconds . 

3.41 GENERAL PROGRAMMING 
PROCEDURE 

3.42. The following procedures 
assume that the connections to the 
measurement points are made as des- 
cribed in 2.34 through 2.45. 

(a) Place instrument into HOLD mode 
either by setting the front panel 
MODE switch to HOLD or by 
applying a closure to common at 
pin U of J201 . 



(b) Apply closures to common at the 
pins corresponding to the desired 
function and range . For example, 
AC volts on the 1 00-volt range 
is commanded by closures to 
common at pins X and L. If Auto 
Range is desired, do not select 
any range . 



CAUTION: If the s e 1 e cted 
function was changed from 
the previous measurement, 
the input voltage should not 
be applied for 25 millisec- 
onds. If the previous meas- 
urement was, for example, 
MV, 100 volts AC may damage 
the input circuits if applied 
before the relays are com- 
pletely switched. 



(c) If function was changed, allow 
25 milliseconds for relay oper- 
ation, then apply input signal. 
Command a Delayed Read by 
completing a closure to pin M . 
If the command is made at the 
direct Command input (Pin P) , 
the Read must be delayed by the 
settling time of the function 
being measured (see Table 3.7), 
At the end of the measurement 
cycle, the print line, pin c, 
drops to zero and the instrument 
will accept another command . 

3.43. When used in a system such 
as a scanner where the Inputs are the 
same function, it may be more con- 
venient to select the function and range 
manually and use only the Print and 
Read Command lines remotely. Upon 
receipt of the Print Command, the ex- 
ternal system itself may generate the 
next Read Command. 
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divider network consisting of a fixed 
resistor, a potentiometer, and a Zener 
diode. The drive current for the Zener 
comes from the output of the Reference 
Buffer Itself. Through careful selec- 
tion of components and a balancing of 
the various resistances in the feed- 
back network, an essentially zero 
temperature coefficient is achieved 



within the operating range of the 
instrument. 

4.90 DISPLAY {Schematic 430389) 

4.91. The Display board provides a 
mechanical assembly for the digital 
display tubes and carries the drive 
circuits for the neons that indicate 
decimal point, polarity, and range. 
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SECTION 4 



THEORY OF OPERATION 



4.1 INTRODUCTION 

4.2. Circuits in the Model 5524 fall 
into two functional areas. The cir- 
cuit boards in the right-hand side of , 
the instrument as viewed from the 
front (J12-J22) are the signal condi- 
tioning circuits. The boards in the 
opposite side (Jl-JLl) are digitizing 
and display circuits . The purpose of 
the signal conditioning section is to 
provide a -10 volt full scale analog 
signal to the digitizing and display 
section where it is balanced against 
a current derived from a precise ref- 
erence voltage. 

4.3. This section describes, first, 
the signal conditioning circuits indi- 
vidually followed by a discussion of 
operation of the signal conditioning 
circuits for each mode (type of meas- 
urement) . Overall operation of the 
digitizing and display section is then 
described since it is the same in all 
operating modes. This is followed by 
a description of individual circuits in 
that section. 

4.4. The last two figures in this 
section are functional intra connect ion 
diagrams of the signal conditioning 
section (Figure 4. 10) and the digitiz- 
ing and display section (Figure 4.11). 
Each of the diagrams can be unfoldea 
allowing the diagram to be referenced 
while reading the circuit descriptions 
throughout the section. The diagrams 
are intended to supplement the com- 
plete schematics included in Section 
6. Dana logic symbols are defined 
in Figure 4 , 1 



4.5 SIGNAL CONDITIONING CIRCUITS 

4 . 6 CONTROL AND ATTENUATOR 
(Schematic 430705) 

4.7. The Control and Attenuator is 
the first assembly behind the front 
panel. On it are mounted the front 
panel switches and input/output ter- 
minals. The board contains relays 
that switch the function and range dis- 
plays; filters; scaling resistors: and 
a feedback attenuator for millivolt 
measurements. The relays are con- 
trolled by the function selection — 
from either the front panel switch or 
through remote programming — and by 
the range signals — from either the 
RANGE switch, through remote pro- 
gramming , or from the Range Control 
board. 

4.8. Eight relays , K1 through K8 , are 
used. One side of each relay coil is 
tied to +2 8V; the relay is energized by 
applying a digital common level to the 
opposite side. The purpose of each 
relay is indicated in the following 
table. 
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Figure 4,1. Dana Logic Symbols 
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4.9 ISOLATOR (Schematic 430659) 

4.10. The Isolator is a floating -input 
potentiometric amplifier capable of 
operating at very low signal levels , The 
feedback loop, that establishes am- 
plifier gain, is located on the Control 
and Attenuator board. The feedback 
circuit and the amplifier input are 
switched into various configurations 
to conform to the function selected. 
The amplifier operates as a unity-gain 
isolator for DC, ratios, and resistance 
measurements, as a gain of 10 ampli- 
fier for AC measurements: and as a 
preamplifier for millivolt measure- 
ments on the 100 and 1000 ranges. 

4.11. Operating in conjunction with 
the Isolator amplifier is a "bootstrap" 
amplifier (consisting of Ql, Q3, Q4, 
Q 7 , Q 8 , Q9 , and Q 1 1 , see schematic). 
This amplifier samples the voltage at 
the negative feedback point and ad- 
justs the supply voltages to the input 
stage so that base and collector volt- 
age remain constant. Also it provides 
a reference level for the first stage 
base current compensation network, 

4.12 RANGE CONTROL (Schematic 
430408) 

4.13. Range changes in the instru- 
ment are determined by the BCD state 
of the Decades in the Digitizing and 
Display Module and controlled by the 
range signals R1 , R2 , R3 , and their 
complements. These signals are the 
outputs of a three- stage counter on 
the Range Control circuit board. The 
counter counts up or down in response 
to logic at the input which depends 
on the function selected. If the de- 
cades are not at full scale (109999), 
the Count Up signal is inhibited by 
the lines from the Decades. If the 
state of the decades is not at one- 



tenth scale or less (010000), the 
Count Down signal is inhibited . The 
circuit arrangement of the inhibit 
lines is shown in Figure 4.2. 

4.14. The Count Up and Count Down 
lines are clamped by diode gates on 
the decades when a change (either up 
or down) in the range counter is to be 
inhibited. An "up" range is allowed 
only when the Overflow flip-flop on 
the Control Logic board is set and the 
four lower-order decades are at nine- 
indicating 109999. In addition to this 
count, an "up" from the Trigger flip- 
flop is also required. At any count 
other than 109999, the Count Up sig- 
nal is clamped to common by one or 
more of the diodes in the O's or 9's 
gates on the Decade boards or diodes 
on the Overflow flip-flop output . 

4.15. A "down" range is allowed only 
when the count Is less than OlOOO. 
This is indicated by the Overflow flip- 
flop "off" and the O's gate from the 
1 OK decade "true". At other counts , 
the Count Down range signal is Inhi- 
bited . 

4.16. The count lines are also inhi- 
bited (clamped to common) by diodes 
on the Auto Polarity board during a 
polarity change . 

4.17. The Count Up Range and Count 
Down Range signals have no effect on 
the counter except when the output of 
the Start/Stop Memory (S/S) one-shot 
is "true". This occurs when the S/S 
signal (generated in the Digitizing 
and Display module) goes "false" at 
the end of a digitizing process. The 
count signals can be inhibited also by 
the "forbidden range" logic explained 
in the following paragraphs. Nor- 
mally the counter will count up as 
shown in the following table. 
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States 


Range 


R1 ' 


R2 ’ 


R3 


0 


0 


0 i 


1 


1 


0 


0 


10 


0 


1 


0 


100 


1 


1 


0 


1000 


0 


0 


i 


10, 000 



4.18. Since all ranges are not used 
for all functions, logic is present to 
prevent the counter from remaining on 
a prohibited range for a particular 
function. For example , with the Milli- 
volt function selected, R2 is not 
allowed to reset and R3 is held "off" 
by the MV line applied to R2 and R3 
through diodes CR37 and CR38. This 
allows only the 100 and 1000 ranges 
to be available with this function 
selected. Similarly, with the counter 
at 110 representing the 1000 range, a 
count -up pulse is Inhibited unless the 
Kilohm function is selected — since 
that is the only function using the 
10,000 range. The input line labeled 
Z is "false" when either AC, DC, 
DCF, or Ratio is selected. This line 
prevents theR3 flip-flop from setting— 
thereby skipping the 10,000 range. 

4.19. Any fixed range, selected ei- 
ther manually or remotely, inhibits 
the automatic range function. This is 
done by logic gate "A" (Figure 4.10). 

4 . 20 AUTO POLARITY (Schematic 
430406) 

4.21. The Auto Polarity board elimi- 
nates the need for polarity switching 
by maintaining, in conjunction with 
the Isolator output, a negative input 
to the Null Detector (in the digitizing 
and display section) regardless of the 
polarity of the input. The circuit con- 
sists of an inverting amplifier with 
polarity-dependent feedback paths, a 



differential amplifier, a polarity flip- 
flop, a pne-shot circuit, and a relay 
driver . 

4.22. The Isolator output is applied 
to the Auto Polarity board at pins D 
and 14. The signal is scaled to 10 
volts full scale and of the same po- 
larity as the input . When the input 
is negative, relay K1 is not energized 
and the signal (at pin 14) is routed 
directly to the Null Detector. 

4.23. The Auto Polarity amplifier has 
a separate feedback path for each 
polarity. When the input signal is 
positive, the Auto Polarity amplifier 
output is negative. The output from 
the negative feedback path is routed 
to pin J of J20, through relay contacts 
on the AC Converter board and back 
to pin 1 of J20 and through a poten- 
tiometer, the + Polarity Gain adjust- 
ment, to the normally open contact of 
Kl. 

4.42. The negative voltage at the 
Auto Polarity output (at the junction 
of the two feedback diodes) and ana- 
log common form the input to a differ- 
ential amplifier. The outputs of the 
differential amplifier enable the "dy- 
namic and" gates at the polarity flip- 
flop input when at zero voltage. In 
this case (input signal positive) , the 
gate at the reset input (2) of the flip- 
flop is enabled (the gate at 1 is ap- 
proximately 10 volts) . 

4.25. Start-Stop is a signal from the 
digitizing and display section which 
is true (+14 volts) during the digitiz- 
ing (measuring) time of the DVM. At 
the end of the measurement time , the 
line drops to zero and triggers the 
reset side (2) of the polarity flip-flop . 
The flip-flop outputs are now false 
(0 V) at 3 and true (+14 V) at 4. 
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4.26. The positive voltage at 4 turns 
on the relay driver (Q15) which pro- 
vides a common to K1 and energizes 
that relay. The output to the Null 
Detector is now taken from the nega- 
tive feedback path of the Auto Polarity 
amplifier. 

4.27. The effect of the circuit can 
be summarized as follows: if the in- 
put signal is negative full scale (-10 
volts) , the output of the Isolator is 
also -10 volts. Relay K1 is not ener- 
gized and the negative voltage from 
the Isolator is routed directly to the 
Null Detector. If the input signal is 
positive full scale (+10 V) the Iso- 
lator output is also +10 volts, the 
Auto Polarity Output (on negative feed- 
back leg) is -10 volts. The Polarity 
flip-flop causes relay K1 to be ener- 
gized and the negative voltage from 
the Auto Polarity amplifier is applied 
to the Null Detector. Therefore, the 
output to the Null Detector is always 
negative regardless of the polarity of 
the input. 

4.28. A one-shot at the Polarity flip- 
flop output is triggered each time the 
Polarity flip-flop changes state. The 
one-shot "times out" in 10 msec at 
which time the DVM command (to Con- 
trol Logic in digitizing and display 
section) is generated. The 10 msec 
allows relay K1 time to switch com- 
pletely before the next reading is 
taken after a polarity change. During 
the 10 msec delay period, transistor 
Q17 is turned on clamping the O's and 
9’s lines to digital common and there- 
by preventing the instrument from up- 
or down -ranging (in Auto Range) dur- 
ing a polarity change . 

4.29 AC CONVERTER (Schematic 
430437) 

4.30. The AC Converter is an acces- 
sory board that may be plugged into 



the designated position in the instru- 
ment at any time. No special wiring 
is required; however, recalibration is 
required. The Converter consists of 
an AC-coupled , wideband, low-level 
amplifier with one permanent feedback 
path for the low range and shunt net- 
works that are switched into the cir- 
cuit by reed relays for the other two 
ranges. The unit is an operational 
amplifier, with resistor-capacitor 
pairs at the input and on the feedback 
loop. The full-scale output on all 
ranges is approximately 3 volts rms 
for a 10 -volt rms input signal . 

4.31. The output is applied to the 
Auto Polarity Amplifier which, in AC 
mode, serves as a full wave rectifier. 
Relay K3 is energized when AC is 
selected. It reroutes signals from the 
Isolator and Auto Polarity boards to 
obtain the proper circuit configuration 
for the measurement of AC volts. 

4.32 OHMS CONVERTER (Schematic 
430714) 

4.33. The Ohms Converter is an 
operational amplifier used to generate 
a precise current through the unknown 
resistance. The range resistors , con- 
nected to the +20 volt internal refer- 
ence voltage , determine the current 
source ( + current ) to the summing 
junction at the input of the amplifier 
(+ sense) . An equal amount of current 
Is supplied to the summing junction, 
through the unknown resistor, from 
the output of the amplifier (- current) , 
Because the reference current is taken 
from the Internal reference of the DVM 
itself, the voltage output of the opera- 
tional amplifier is a direct voltage 
equivalent of the unknown resistor 
value. The value of the range resistors 
Is selected such that the output of the 
Ohms Converter is read by the DVM 
directly in kilohms . 
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4,34 MEASUREMENT OF DC VOLTS 
AND RATIOS 

4 . 35 . The circuit configuration used 
for the measurement of DC volts is 
shown in Figure 4 . 3 . An identical 
arrangement is used when the instru- 
ment is in the ratio-measuring mode. 
The difference in these two types of 
measurements lies in the counter- 
balancing reference used in the Digi- 
tizing and Display section. DC volts 
are measured against a fixed internal 
reference; ratios are measured against 
an external reference. 

4 . 36 . As explained previously, the 
purpose of the signal conditioning 
section is to produce a negative 10- 
volt full scale signal (-10.9999, in- 
cluding overrange) at the input of the 
digitizing and display section. The 
negative voltage is applied across a 
precision resistor to produce a current 
that is nulled by an opposite current 
derived from the reference voltage. 

4 . 37 . The first Step is to scale the 
incoming DC signal to 10 volts full 
scale. The precision scaling resistors 
in the Control and Attenuator circuit 
divide the input voltage by 10 if the 
signal Is between + 10 .999 and + 109 .999 
volts, and by 100 if the signal is be- 
tween + 109.999 and +1000.0 volts. 
The 10 -volt full scale input is then 
filtered to remove superimposed noise 
and fed into the input of the Isolator. 

4 . 38 . The Isolator is, in this mode, 
a unity gain amplifier. Its output is 
therefore identical in polarity and am- 
plitude with the scaled input. The 
voltage is directed to the lOK summing 
resistor in the Null Detector through 
the contacts of K1 . When the Isolator 
output is negative, relay K1 is not 
energized and the negative voltage 
from the Isolator is applied directly to 



the summing resistor. When the Iso- 
lator output is positive, the Auto 
Polarity output is negative, the Polarity 
flip-flop is triggered, and the relay is 
energized. The negative Auto Polarity 
output is then applied to the summing 
resistor, through the Positive Gain 
Adjustment. 

4.39. The current into the Null Detec- 
tor, then, has two potential sources . 
If the input signal is negative, the 
Isolator output is negative and all of 
the required negative voltage is from 
the Isolator. On the other hand, if the 
input signal is positive, the Isolator 
output is positive, relay K1 is ener- 
gized , and the negative voltage is 
taken from the Auto Polarity output. 

4.40. The Auto Polarity amplifier de- 
rives its name from the fact that it 
allows the Null Detector to deal ex- 
clusively with negative currents from 
the signal conditioning section, with- 
out any delay for polarity switching. 
This is of particular Importance when 
the signal is frequently pas sing through 
zero , as in the case of bridge balancing . 

4.41. It is important to note that the 
Positive Polarity Gain adjustment is 
used to calibrate positive input vol- 
tages; however, the actual polarity of 
the voltage affected by this adjustment 
is always negative. 

4.42 MEASUREMENT OF 
FAST DC VOLTS 

4,43. When Fast DC measurements 
are being made, the configuration of 
the signal conditioning circuits is the 
same as for DC measurements except 
that the active filter is removed . Elimi- 
nation of the filter allows the Instru- 
ment to settle to within 0.01% of the 
final reading in 50 milliseconds, after 
a step-function change in input level. 
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Figure 4.3. Block Diagram - DC and Ratio Modes 



The filter slows the settling time down 
to 500 milliseconds. Other than this 
change at the input, the fast DC mode 
is identical to that of standard DC and 
ratio measurements . 

4.44 MEASUREMENT OF MILLIVOLTS 

4.45. The Signal Conditioning section 
"expands the scale" by switching the 
functionof the Isolator circuit, chang- 
ing it to a preamplifier. A lO-kilohm 
feedback loop is added to the amplifier . 
This, in conjunction with a resistance 
network to ground, switches the gain 
of the amplifier from unity to either 10 
dr 100. At a gain of 10, the instrument 
is operating at 1,000 millivolts full 
scale; at a gain of 100, full scale is 
100 millivolts and the last digit reso- 
lution is 1 microvolt. 

4.46. A passive filter is used at the 
input to attenuate superimposed noise. 
Otherwise the balance of the millivolt 
circuitry is Identical to that used in 
measuring DC volts and ratios . 

4.47 MEASUREMENT OF AC VOLTS 

4.48. The measurement of AC volts 
involves the addition of the AC Con- 
verter amplifier and a major reorgani- 



zation of the balance of the circuitry. 
Figure 4 . 4 illustrates this configur- 
ation . 

4.49. The AC input signal Is applied 
directly to the capacitor-coupled AC 
Converter amplifier. The principal 
purpose of this amplifier is to scale the 
input down so that the output of the 
stage is approximately 3 volts rms for 
a 10-volt rms, full-scale input signal , 
Input voltages in the lO-to-100 and 
lOO-to-1,000 ranges are reduced by 
factors of 10 and 100, respectively. 

4.50. The scaled-down voltage is 
applied to the Auto Polarity amplifier, 
which rectifies it and produces a nega- 
tive voltage that is approximately 1/n 
of the input. A 10-voit rms full-scale 
input to the instrument is now reduced 
by exactly 1/10, to -1 volt. The half- 
wave rectified output of the Auto Polar- 
ity circuit is "summed" with the AC 
Converter output to produce a one-volt 
full -wave signal (the "weight" of the 
Auto Polarity output is twice that of the 
AC Converter and 180° out of phase 
with it) . 

4.51. The output of the Auto Polarity 
amplifier is filtered by an active filter 
on the Control and Attenuator Assembly 
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board and then applied to the Isolator, 
which has been set to a gain of 10 
(using the feedback resistors and 
attenuators that established the 1 , 000- 
mllllvolt range in the mV mode) * The 
amplified negative voltage is, at this 
point, a 10-volt full-scale analog of 
the rms value of the AC input • It is fed 
directly to the current-determining 10 
Kohm resistor at the Input to the Null 
Detector. 

4.52 MEASUREiyENT OF OHMS 

4.53, The ohms measurement config- 
uration (Figure 4.5) of the Signal Con- 
ditioning section is similar to that 
used in the measurement of DC with 
the DVM held in negative polarity. 
The Ohms Converter provides a series 
of precise currents (a different current 
for each range) which is passed through 
the unknown resistor. The resultant 
voltage drop Is read by the DC meas- 
uring circuitry as a negative voltage 
and displayed as Kilohms . 

4.54 DIGITIZING AND DISPLAY 
CIRCUITS 

4.55, A simplified drawing of the 
Digitizing and Display section is 
shown in Figure 4,6, The Input from 
the Signal Conditioning circuits is 
applied to a summing junction at the 
input to the Null Detector. Regardless 
of the polarity of the voltage being 
measured, the current from the Signal 
Conditioning section is always -1 ma 
full scale. This current is combined 
with a positive current from the DAC 
(Digital/Analog Converter) circuit, 

4*56. DAC current supplied to the 
summing junction is the analog equiva- 
lent of the digital value represented by 
the state of the Decade flip-flops. 



When the summing junction is brought 
to null, the state of the flip-flops indi- 
cates the exact digital value of the 
input signal. 

4.57, The digitizing process, or 
"conversion", begins when the Start/ 
Stop flip-flop (on the Control Logic 
board) is set. Start/Stop is set by 
either of two conditions . The Display 
Rate circuit turns it on automatically 
every 250 milliseconds unless inhibited 
by a ground level at the Ground Hold 
Input (READ/HOLD switch on HOLD) or 
a ground level at the Accessory Hold 
input- Start/Stop is also set by an 
External Command received through the 
remote programming input. 

4.58, As Start/Stop is set, the nega- 
tive-going edge of Start/Stop sets the 
Reset flip-flop. Reset Is Inverted to 
become S3 (Set 9) and applied to each 
of the Decades . Each Decade has four 
flip -flops re presenting XI - X4 for that 
Decade, S3 sets the Decades to 99999, 
If, with the five Decades set to nines, 
DAC current is less than the input, the 
Overflow flip-flop is turned on by Over- 
flow detecting logic on the Sequence 
Logic board . This adds additional DAC 
current representing a sixth digit 
(lOOK). If the resulting DAC current is 
still too low, the digitizing cycle is 
completed and the unit is made to up- 
range. If no higher range is available 
or permitted, the overrange condition 
(109999) is read out to indicate an 
excessive input, 

4.59, Normally, however, the initial 
setting of 99999 results in a DAC cur- 
rent greater than the input current. 
This condition is detected by logic on 
the Sequence Logic board; the Sequence 
Counter is stepped to sequence state 1 
(SI). 
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Figure 4.6. Block Diagram - Digitizing & Display Module 









COMMAND 
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Figure 4.7. Model 5500 Timing (Without Overrange) 








COMMAND 
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Figure 4.8. Model 5500 Timing (With Overrange) 






4.60. In SI, the lOK Decade is 
"dropped" (each flip-flop "off") . The 
Decades are now set to 09999. If the 
resulting DAC current is less than the 
input current , the Null Detector causes 
the generation of UP at the Trigger flip- 
flop. The lOK Decade now counts up 
on each clock pulse until DAC current 
becomes equal to or greater than the 
input current . This condition is indi- 
cated by an UP from the Null Detector. 
The Sequencer then advances to S2 and 
the 1000 Decade is set to zero. If 
DAC current is less than the input cur- 
rent, the 1000 Decade is counted up 
in the same manner as the 1 OK Decade. 
This is repeated for each succeeding 
Decade. At the end of the S5, during 
which the 1 Decade Is counted up, the 
Start/Stop flip-flop is turned off. At 
this time, the state of the Decades 
represents the digital value of the input 
signal and the conversion is complete. 
This operation is Illustrated in the 
timing diagram of Figure 4,7. In the 
illustration the input is 012345 . Fig- 
ure 4.8 shows the timing with over- 
range . 

4.61 NULL DETECTOR (Schematic 
430379) 

4.62. There are two main elements on 
the Null Detector circuit board; the two 
highest order Decade precision DAC 
(digital/analog converter) resistor 
matrices controlled by the state of the 
Decade flip-flops — and the Null Detec- 
tor itself, an amplifier that detects and 
amplifies any difference in input current 
and DAC current. 

4.63. A summing junction at the input 
to the Null Detector receives the nega- 
tive input from the Signal Conditioning 
module and the DAC current. The two 
currents are balanced out by the DAC 
resistor network. The DAC current is 



developed from a precise 20-volt refer- 
ence voltage from the Reference Buffer 
circuit board for absolute measurements 
or from an external reference when 
ratios are being measured. 

4.65. A typical DAC switch in the 

highest order decades is shown in 
Figure 4.9a. Q2 is normally on and 
PpAC circuit. When a posi- 

tive voltage is applied to the base of 
Ql, Q1 is turned on and the resulting 
ground level at the base of 02 back 
biases Q2 and Rq^^q is out of the cir- 
cuit. As shown in the figure , the 
switch is operated by the "not" side of 
the Decade flip-flop. When the flip- 
flop is "off" ("not" side true), the 
resistor is out of the circuit . Therefore , 
as a decade is counted up, resistance 
is added in parallel and DAC current 
increases at each Step. 

4.64. Two types of DAC switches are 
used: one for the lowest order decades 
(1 , 10, 100, and 1000) and a different 
type for the highest order decase (l OK) . 
The 10, 000 Decade switches and 1000 
Decade, switches are located on the 
Null Detector board. The balance of 
the switches are on the DAC board 
(Schematic 430376), 

4.66. A typical DAC switch for lowest 
order decades is shown in Figure 4.9b. 
Q2 is normally on, Q3 is normally off, 
and Rdac effectively connected to 
the reference supply. When a positive 
voltage Is applied to the base of Ql, 
Ql is turned on, biasing Q2 off and Q3 
on;R]3/^C is now effectively connected 
to negative sense. The junction vol- 
tage drops across Q3are compensated 
for by R6S and CRll . As shown in the 
figure, the switch is operated by the 
"not" side of the decade flip-flop. 
When the flip-flop is "off" ("not" side 
true) the resistor is tied to the reference 
voltage . 
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(b) Lowest Order Decade 



Figure 4.9. Typical DAC Circuits 



L5 








4.67. The positive DAC current is 
applied to the summing junction at the 
Null Detector input. If the DAC current 
is greater than the negative current 
from the Signal Conditioning module, 
the resulting current is positive; if the 
Signal Conditioning input is greater, 
the resulting current is negative. The 
Null Detector is a high-gain amplifier 
that provides an output of sufficient 
amplitude to trigger the Trigger flip- 
flop only when the input (summing 
junction) is negative . The Trigger flip- 
flop is located on the Sequence Logic 
board; its output is t he UP signal. UP 
and its complement, UP, controlgener- 
ation of the sequence states which, in 
turn, control the counting operation of 
the Decades . 

4.68 DECADES (Schematic 430390) 

There are five Decade boards in the 
instrument, all identical. The Decade 
board nearest the front of the instru- 
ment controls the 10,000 digit; the 
second board the 1000 digit; the third, 
the 100 digit; the fourth, the 10 41 git: 
and the fifth, the 1 digit. 

4.69, At the beginning of a convers- 
ion, after the Start/Stop and Reset flip- 
flops (on Control Logic board) are set, 
the S9 line is made "true”. This 
applies a positive voltage to the reset 
side of each flip-flop and represents 
"all to nine” condition. If the Null 
Detector indicates that 99999 is greater 
than the input signal, the Sequence 
Logic places the instrument in sequence 
state 1 (SI). SI is applied to the Cq 
input of the 1 OK Decade, As SI goes 
"true", the negative-going edge of Si 
places a negative voltage on the reset 
input of the flip-flop, thereby resetting 
it to zero. The "true” output of the 
flip-flop and of each remaining flip- 
flop on the Decade resets the following 



flip-flop as it goes "false" (on nega- 
tive-going edge). Each flip-flop on the 
lOKDecadeis now "off" and the value 
represented by the four Decades has 
changed from 99999 to 09999. 

4.70. SI Is applied to the input gate 
along with UP and a clock pulse. The 
Decade counter now counts up on each 
clock pulse. (Sequence state 1 (SI) 
enables count-up of the lOK Decade; 
32, the IK Decade; S3, the 100 Decade; 
S4, the 10 Decade; and S5, the 1 
Decade) . Counting continues until UP 
goes FALSE . At this time , the Sequence 
Logic places the instrument in se- 
quence state 2 (S2) and the 100 Decade 
is reset by S2 applied to the input. 
The count-up operation proceeds ex- 
actly as the lOK Decade, except that 
the input gate is now enabled by S2 . 
The 100 Decade and 10 Decade counting 
operations begin on following UP sig- 
nals . At the end of the 1 Decade count- 
ing operation (S5) , the Sequence Logic 
counter and Start/Stop flip-flop are 
reset and no further sequence states are 
generated until the Start/Stop flip-flop 
is again set. 

4.71. The "and" gates at the inputs 
to the 2 and 2* flip-flops adjust the 
count to eliminate "forbidden codes" . 
Additional gates on the board receive 
various outputs from the flip-flops to 
detect the 0 and 9 states of the Decade 
for use of the range circuits In the 
Signal Conditioning module. 

4.72. Also Included on the Decade 
circuit board is a Decoder that inter- 
prets the state of the flip-flops and 
produces the drive voltage for the 
numerical display and the BCD data to 
the digital output accessory. There 
are five lines to the lamps , each repre- 
senting a pair of numerals: 0 and 1 , 
2 and 3, 4 and 5, etc. Separate con- 
trol lines determine whether the even 
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or odd numeral is to be lit. During the 
digitizing cycle, a blanking signal 
inhibits both the odd and even enable 
lines . 

4.73 SEQUENCE LOGIC (Schematic 
430393) 

4.74. A counter on the Sequence Logic 
circuit board generates the five se- 
quence states— or periods during which 
each Decade is reset to zero and then 
counted up . In addition , logic gates 
on the board determine when the se- 
quence counter is turned on — and also 
detect the "overrange" condition where 
the input exceeds the five-digit capa- 
bility of that range . Operation of the 
Sequence Logic is described in the 
following paragraph , In the first case , 
it is assumed that the input does not 
require the overrange function. 

4.75. As SI goes "true" SI goes 
_|^lse". The negative -going edge of 
SI resets the LOK Decade to zero (as 
explained under "Decades") and SI 
enables the input gate to allow the 
Decade to start counting. The lOK 
Decade counts up until UP is received . 
UP resets the SI flip-flop in the se- 
quence counter . On the negative-going 
edge of SI, flip-flop S2 is set. The 
negative edge of S2 resets the IK De- 
cade to zero. S2 enables the input gate 
of the IK Decade and it begins counting , 

4.76. The Sequence counter advances 
to S3 on the next UP and the 100 Decade 
count operation is performed. S4 con- 
trols the counting of the 10 Decade, 
and SS -controls the counting of the 1 
Decade. The negative -going edge of 
S5 resets the Start/Stop flip-flop. 

4.77. The function of each sequence 
state can be summarized as follows; 



SI resets lOK Decade to zero (on 
negative -going edge); 

51 enables lOK Decade count -up; 

52 resets IK Decade to zero (on 
negative-going edge); 

52 enables IK Decade count -up, 
resets 100 Decade to zero (on 
negative-going edge); 

53 enables 100 Decade count-up, 
and resets 10 Decade to zero (on 
negative -going edge); 

54 enables 10 Decade count -up, and 
resets the 1 Decade; 

55 enables 1 Decade count -up and 
resets the Start/Stop flip-flop. 

4.78. The overrange condition exists 
when, after the Decades are initially 
set to 99999, an UP is received. This 
indicates that the value represented by 
the state of the Decades is full-scale 
but still less than the input signal. 
This condition isdetected by an "and" 
gate on the Sequence Logic board which 
receives the UP signal along with the 
clock, Start/Stop, and the "not" out- 
puts of the sequence counter flip-flops. 
When UP enables this gate, a signal 
(Set 10 OK) is sent to the Control Logic 
board where it sets the overflow flip- 
flop. The overrange bit has a logical 
weight of 100,000. If the overrange 
bit is "true", the readout is lOXXXX. 
For reasons of linearity and accuracy, 
the analog weight of the resistor 
associated with this bit is 10,000. 
This requires that the lOK decade be 
set to 9 and results in a total weight 
of 9 -I- 1 or 10. The readout does not 
indicate 199999 but the true analog 
weight of 109999. 
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4.79. If, after the overrange bit is 
set , the new comparison^ at the Null 
Detector results in an UP, this indi- 
cates that the input is some value be- 
tween 99999 and 109999. The negative- 
going edge of 10 OK places the instru- 
ment into sequence state 3 and the 
conversion proceeds as described 
before, but with the lOK position 
remaining at 9 and the 1000 Decade the 
first Decade "dropped" . 

4.80. If, afterthe overflow bit is set, 
an UP is received — Indicating that 
109999 is still less than the input, a 
digitizing cycle is not performed and the 
unit is made to uprange (if Instrument 
equipped for auto range) . If no higher 
range is available , the overrange indi- 
cation of 109999 is displayed (printed) 
to Indicate an excessive input. 

4.81 CONTROL LOGIC (Schematic 
430685) 

4.82. The conversion operation begins 
when the Start/Stop flip-flop Is set. 
Start/Stop is set either automatically, 
by the Display Rate circuit , or by an 
external command . 

4.83. The Display Rate circuit is an 
oscillator which delivers a pulse every 
250 milliseconds when the READ/HOLD 
switch is in the READ position. The 
oscillator output is inverted and 
applied to an "and" gate. The gate is 
inhibited when the READ /HOLD switch 
is in HOLD - or by Accessory Hold If 
the line Is at ground level. The Start/ 
Stop flip-flop is set on the negative- 
going edge of Display Rate signal. 
Start/Stop Is also set when an external 
command Is received through the pro- 
gramming input. 

4.84. As Start/Stop (S/S) is set, the 
negative -going edge of S/S sets the 



Reset flip-flop. RESET is applied 
through an inverter to the Decades as 
S9 (Set 9) , It sets the Decades to 
99999 and resets the Overflow flip-flop 
to zero. The R eset flip -flop is turned 
off by the next CLOCK. 

4.85. The "true" output of the Start/ 
Stop flip-flop is applied to an inverter. 
The inverter output is the blanking level 
which biases off the display lamps 
during the digitizing process . At the 
end of a conversion, Start/Stop Is 
turned off byS5 (negative -going) . This 
releases the blanking signal and, at 
that time, the- state of the Decade is 
displayed. 

4.86. The Overflow flip-flop is set by 
the Set lOOK signal from the Sequence 
Logic board. Its output operates a 
corresponding DAC switch in the Null 
Detector representing a "1 " digit in the 
lOOK position. This feature allows an 
overrange voltage to be measured and 
displayed . 

4 . 87 REFERENCE AND BUFFER AMPLI- 
FIER (Schematic 430395) 

4.88. The reference and Buffer Ampli- 
fier board serves two functions; it 
produces a precise 20 -volt internal- 
reference output for absolute measure- 
ments, and it serves as a high input 
impedance, 1 ow-out put impedance, 
buffer amplifier for external reference 
voltages used in ratio measurements. 
In ratio mode , this amplifier has a gain 
of2 . A relay on the board (Kl) switches 
the circuit from an internal reference 
voltage supply to a buffer for the 
external reference voltage when ener- 
gized by the RATIO command. 

4.89. The Internal reference circuit is 
based on the use of an aged Zener 
diode. The Internal Reference is a 
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SECTION 5 



TROUBLESHOOTING & MAINTENANCE 



5.1 INTRODUCTION 

5.2. This section is to be used as a 
supplement to the schematics and as- 
sembly drawings of Section 6. Con- 
tained in this section are troubleshoot- 
ing guides, power supply voltages, 
parts ordering information, and cali- 
bration procedures . 



WARNING 

Potentials over 300 volts are used 
in the instrument in the locations 
listed below: 

Power supply 
Display tubes 
Display board 
Decade boards 
Range control board 



5,3 MECHANICAL DISASSEMBLY 

5.4. Troubleshooting the instrument 
at the circuit board level can be ac- 
complished wl th out re m ov in g the 
chassis from the sealed case. It is 
only necessary to slide the chassis out 
part way. This allows all boards ex- 
cept the Control and Attenuator and 
Display boards to be replaced (see 
5.6) . 

(a) Remove power from DVM. 



(b) Loosen the eight captive alien 
screws around the front panel 
and slide the drawer forward to 
the stops. This allows access 
to the circuit boards . 

(c) Before applying power, check for 
mechanical short between guard 
and case and between guard and 
input common. 

CAUTION; When operating in- 
strument with chassis partially 
removed , disconnect guard clip 
on input cable from the source to 
prevent possible damage to ex- 
ternal voltage supply by ground- 
ing point to which guard is 
attached . 

5.5. If, when the procedures In this 
section are followed and it Is deter- 
mined that the malfunction is not due 
to a faulty circuit board, it is neces- 
sary to completely remove the chassis 
from the case: 

(a) Remove cable support rod from 
DVM chassis . 

(b) Disconnect cables from rear of 
chassis . 

(c) Slide chassis out of case. 

5.6. The Control and Attenuator board 
and the Display board are each secured 
by two screws installed through the 
bottom plate of the chassis. These 
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screws are accessible with the chas- 
sis removed from the case . In remov- 
ing the Control and Attenuator, it is 
also necessary to drop the front panel 
by removing three screws on either end 
of the panel. After the panel is dropped, 
the screws should be replaced to sup- 
port the card guide . 

5.7 POWER SUPPLY 

5*8 . When checking for any major 
trouble in the DVM, make the following 
routine check of the power supply. 

(a) Apply power to instrument. 

(b) Set MODE switch to READ. If 
readout is blank, refer to figure 
5.1. 

(c) The power supply voltages are 
most easily checked by placing 
the Null Detector board (J8) and 
one of the Decade boards (J2 
through J6} on extenders and 
measuring the voltages at the 
pins indicated in table 5.1. If 
any of the voltages are low, 
indicating a short. Isolate the 
cause by removing all boards. 
If the low voltage still exists, 
the problem is in the power 
supply itself (see schematic 
430701) or a shorted strap on 
the main circuit board . If the 
voltage returns to normal, re- 
place the boards, one at a time, 
until the board having the short 
is found , 

5.9, If the power supply appears to 
be operating normally, refer to the 
Initial Checkout Procedures (2.13). 
In addition, perform the following 
check: 

(a) Set RANGE to AUTO 



Table 5.1. Power Supply Voltages 



pin 


Schematic 
Ident . 


Nominal 


Ripple I 


J8-4 


+40V 


+52V 


500mV 


J8-T 


+28V 


+32V 


SOOmV 


J8-U 


-28V 


-32V 


SOOmV 


J8-N 


+ 18V 


+ 17V 


5mV 


J8-V 


-18 V 


-17.5V 


5mV 


J2-V 


+2V 


+2 .2V 


20mV 


J2-P* 1 


+ 14V* 


+ 16V 


225mV 


J2-10* 


+300V* 


+ 350V 


500mV ! 


* Referenced to digital common , 


J2-N; 


other voltages referenced 


to analog common , J8-P . 





(b) Set FUNCTION to DC 

(c) Set MODE to READ 

(d) Set POWER to ON 

(e) Connect the signal input leads 
to a source of variable DC. 
Slowly increase the DC source 
voltage from zero to 10 volts. 
Check the DVM for problems 
covered In figures 5 . 4 and 5.5. 



5.10 BOARD SUBSTITUTION 



5.11. When spare boards are available , 
the most effective method of isolating 
a malfunctioning board is by substi- 
tution. Replace all boards in the DVM 
with spare boards. If the problem 
persists, the malfunction is narrowed 
down to that portion of the DVM still 
remaining. If the DVM is functioning 
normally with the spare boards, replace 
the spare boards, one at a time, with 
the original boards until the problem 
reappears. Repair or replace the mal- 
functioning board. 
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Table 5.2. Component Characteristics 



Identity 


Configuration 
(See Below) 


Type 


Usage 


Notes 


009 


c 


PNP 


Medium power 


Case Common to 
Collector 


012 


b 


PNP 


Analog 


Epoxy 


014 


c 


NPN 


Medium power 


Case Common to 
Collector 


015 


d 


Dual 

NPN 


Low level 
1st stage 


Case insulated 


016 


d 


Dual 

NPN 


Low level 
1st stage 


Case Insulated 


2N3565 


a 1 


NPN 


High gain 
analog 


Epoxy 


2N3646 


a 


NPN 


High speed 
digitai 


Epoxy 


007 


e 


Diode 


Low leakage 


Glass 


018 


e 


Diode 


Log ic 


Glass 


SD4 


e 


Diode 


Power 


Epoxy 


IN916 


e 


Diode 


Low leakage 


Glass 


1N95S6 


e 


Zener 


7.5v 


Glass 


lN961b 


e 


Zener i 


lOv 


Glass 


lN967b 


e 


Zener 


18v 


Glass or Epoxy 


M24A25 


e 


Zener 


2 . 4v 


Glass 
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5.12 VISUAL INSPECTION 

5.13. Check a malfunctioning board 
visually for burned components, loose 
connections or any other abnormalities 
which could cause problems . Check 
also the printed circuit fingers which 
form the pins of the male connector at 
the bottom of the board for oil, dirt, 
etc. The fingers can be cleaned with a 
solvent or a common pencil eraser. 

5.14 RESISTIVE CHECK 

5.15. Component failures such as 
shorted capacitors , open resistors , and 
shorted or open semiconductors are 
easily located by checking the resis- 
tance of a component with a VOM. 

5.16. DIODES. Resistance readings 
taken of diodes vary according to the 
range and type of VOM used. However, 
the forward biased resistance is usually 
in the order of a few hundred ohms and 
the front-to-back ratio is in the order 
of 1000 or more . 

5.17. ZENERS. Zener diodes may be 
checked in the same way as diodes and 
will show whether the diode Junction of 
the zener is open, shorted or normal 
(zeners tend to appear leaky} . How- 
ever, only by applying power to the 
device can the voltage regulating pro- 
perties of the zener be checked. 

5.18. TRANSISTORS. With respect to 
their junctions, transistors are two 
diodes connected togetherwith the base 
lead connected in the middle (see table 
5.2). These two "diodes" are checked 
for their forward and back resistance. 
In addition, a check is made across the 
emitter and collector for any leakage. 

5.19 BIASING 

5.20. When resistive checks of the 
components fail to discern the cause of 



the trouble , normal circuit tracing tech- 
niques are used. The most useful of 
these involves the checking of opera- 
ting levels or "biasing" of the active 
components , 

5 . 21. DIGITAL. Digital circuitry per- 
forms all of its functions using only two 
logic states; +14 volts and digital 
common . These two levels are normally 
referred to as "true" and "false" and 
maybe in the form of pulses or levels. 
Diodes are used as gates and pass or 
reject data according to whether the 
diodes are forward or reverse biased. 
Transistors are used as inverters. A 
logic true at the input of an inverter 
results in a logic false at the output 
and a false input results in a true out- 
put. Flip-flops can be analyzed as two 
inverters with inputs and outputs inter- 
connected. In the biasing of logic 
transistors the collector is either at 
digital common (actually about 0.2 
volts above) or at a positive voltage 
determined by the load on the output, 
the collector resistor, and the supply 
voltage (normally +14 volts). For the 
collector to be false, the transistor is 
turned on by a sufficient amount of 
current entering the base. The voltage 
from emitter to base is between 0.6 
and 0.7 volts on all logic transistors. 

5.22. ANALOG. In analog circuitry, 
the transistor collector is biased at 
some potential less than the supply 
voltage but more than the base voltage. 
Varying the base -emitter current results 
in a corresponding change in collector 
current and collector voltage such that 
Increasing the base-emitter current 
causes an Increase in collector current . 
The increased collector current results 
in an increase in the I-R drop across the 
collector load and the collector voltage 
becomes nearer the base voltage . Less 
base -emitter current results in a col- 
le ctor current nearer the supply voltage . 
Check transistors for transistor action 
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Table 5.3 . Decade Fault Isolation 



MALFUNCTIONING 


DISPUY 


CONTROLLING 


DECADE 


READOUT 


SEQUENCE F/F 


lOK 


099999 


1 


IK 


009999 


2 


100 


000999 


3 


10 


000009 


4 


1 


*000000 


5 


*May have double number 






The Display Readout column represents the position of the DAC when the 
sequence count is interrupted by; (l) a malfunctioning decade board, or 
(2) a malfunctioning sequence F/F. Remove the decade board whose corres- 
ponding display readout most nearly matches the DVM display. 



by shorting together the base and emit- 
ter leads and observe that the collector 
returns to the supply voltage. 

5.23 TROUBLESHOOTING CHARTS 

5.24. Unless otherwise noted, the 
following troubleshooting charts , (fig- 
ures 5-1 through 5-5) are valid only 
when the instrument Is programmed as 
stated below . 

(a) Set RANGE to 10 

(b) Set FUNCTION to DC 

(c) Set MODE to READ 

(d) Set POWER to ON 

(e) Connect SIGNAL INPUT leads 
(JlOl pins N and P) together. 

5.25 ORDERING PARTS 

5.26. Standard parts can be obtained 
through Dana Laboratories Incorporated, 
its local representatives or through 



other vendors. Consult parts list in 
section 6 for value, tolerance and rat- 
ing. When ordering parts include the 
following information: 

(a) Instrument type 

(b) Description of part Including 
reference designator, Dana part 
number, and component type 

(c) Name of printed circuit board (if 
applicable) 

5.27 PARTS REPLACEMENT 



5.28. The following material is recom- 
mended for parts replacement: 



(a) 


60/40 rosin core 


solder 


(b) 


wire braid - thin 




(c) 


rosin flux 




(d) 


rosin solvent - such as percloro- 
ethylene 


(e) 


moisture resist 
equiv.) 


(type 1 A2 7 or 
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Figure 5.1. Troubleshooting - Display, Decimal & Function Readout Blank 
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Figure 5.2. Troubleshooting - Display Full Scale 
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Figure 5,3. Troubleshooting - Display Blank 
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Figure 5.4. Troubleshooting - Wrong Digit 
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Figure 5.5. Troubleshooting - Display Jumps 







(b) Pre- soldering lead preparation, terminal mount 




(c) Pre-soldering wire preparation, flat 
pin connector 




(d) Pre -soldering wire preparation, 
tabular pin connector 



(e) Pre-soldering lead preparation, printed circuit 



Figure 5.6. Component Installation 
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5.29* The following steps should be 
taken to replace components on printed 
circuit boards . 

(a) Dip one end of the wire braid in 
flux and place it on the solder 
Joint on the back of the printed 
circuit board. Use care to keep 
the braid on the etch circuit to 
prevent burning of the board. 

(b) Place the tip of the iron firmly 
against the braid until the solder 
Is observed on the braid. 

(c) Remove the iron and the braid 
from the board. Lift the lead 
away from the etch pad with the 
diagonal wire cutters and 
straighten the lead with a pair of 
long-nose pliers. 

(d) Repeat the above steps for each 
lead on the component. 

(e) When the lead is perpendicular 
to the board , puU the lead through 
the hole in the board with a pair 
of pliers. 

(f) Remove the flux and burned mois- 
ture resistant coating from the 
board with a flux solvent. 

(g) Bend the leads of the replace- 
ment component to line up with 
the holes on the circuit board. 
Holes filled with solder can be 
opened by heating pad with the 
soldering iron and using a tooth- 
pick or other soft pointed object 
to clear the hole . 

(h) Insert the leads and seat the new 
component firmly against the 
board. Bend leads if required 
and cut as shown in figure 5.6. 

(i) Apply enough solder to cover 
wire and strap. Both wire and 



strap should be discernible. 
Apply just enough heat to the 
component lead to allow the sol- 
der to flow freely. 

(j) Clean new solder connection 
with a flux solvent. Apply a 
thin coat of moisture resist. 

5.30 CALIBRATION 

5.31, The calibration of the Model 
5524 is designed to keep the instru- 
ment operating within its specifica- 
tions for indefinite periods of time. 
Access to calibration components is 
made by removing the eight screws 
that secure the front panel to the case 
and pulling the drawer out of the stops . 

5.32. All calibration points involved 
in the calibration of the Model 5524 
are shown in Figure 5.7. Field cali- 
bration procedures are listed in table 
5.4. "Factory Only" adjustments are 
described in 5.48. 

5 . 30 REQUIRED CALIBRATION 
EQUIPMENT 

5.34. The equipment required by the 
user for the calibration of the Model 
5524 is listed below. 

(a) Service card extender DP/N- 
400839 (supplied by Dana Lab- 
oratories, Inc.) 

(b) Precision null -type microvolt - 
meter (Fluke 845AR or equiva- 
lent) 

(c) Precision DC power supply 
(COHU Model 326 or equivalent) 

(d) Precision voltage divider (E ,S .1 . 
Dekavider RV622A or equivalent) 

(e) Precision AC source 
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Ohms 

Converter 



Auto 

Polarity (see below) 



Range 

Control 



Isolator 





Null Detector Test Point Converter 

(Front View) 




Auto Polarity Test Point 





3 

R44 





^ o 


100MV 


R45 R34 R36 




O J0 O 


1000MV 


«- — L — a 



K5 


K4 


K1 


K2 



100 V 









1000V 

Control & Attenuator 
(Top View) 




Figure 5.7. Calibration Points 
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Table 5.4. Field Zeroing Procedure 



The following procedure can be used as a field zeroing procedure or when the 
zero is just slightly out of adjustment. It still requires that the chassis be 
pulled partially out of the case, but an extender is not required . 

(a) Set FUNCTION to DC, RANGE to AUTO, and MODE switch to READ. 

(b) Short input leads together. 

(c) Connect microvoltmeter to left side of C3 on Isolator board (see assem- 
bly drawing) . 

(d) Adjust MV ZERO potentiometer on front panel for a microvoltmeter read- 
ing of zero +10 pvolts, 

(e) Apply an input signal of -i.OmV. Adjust the null detector current 
zero potentiometer (R7) until the readout bounces between -00.0009 
and -00.0010. 

(f) Apply an input signal of +1.0 mV. Adjust the autopolarity current 
zero potentiometer (R7) until the readout bounces between +00, 0009 
and +00 .0010. 

(g) Set FUNCTION switch to AC. Check to see that the readout is less 
than 00.0010 with the input shorted. If not, adjust the Auto Polarity 
current zero (R7) to bring the readout between 00.0010 and 00.0005. 

(h) Check steps (b) through (g) to see that readings are within tolerance 
given. If a zero reading with shorted Input cannot be obtained after 
completing the above procedure, it will be necessary to use the de- 
tailed zeroing procedure (5.37), 
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(f) Resistance standard 

5.35. CALIBRATION PROCEDURE 

5.36. For all zeroing operations , the 
low side of the microvoltmeter is ref- 
erenced to -SIGNAL INPUT . 

5.37. ISOLATOR ZERO 

{a) Place isolator board (402477) 
on extender board . 

(b) Set FUNCTION control switch to 
FAST DC, RANGE control switch 
to AUTO , and MODE control 
switch to READ . 

(c) Short +SIGNAL INPUT and -SIG- 
NAL INPUT together. 

(d) Connect a jumper across capa- 
citor Cl . 

(e) Connect microvoltmeter lead to 
left side of capacitor 03 . 

(f) Adjust MV ZERO control on front 
panel for 0+50 microvolts out. 

(g) Adjust current zero potentio- 
meter R7 for 0 j;50 microvolts 
out. 

(h) Repeat steps (d) , (f) , and (g) to 
ensure accuracy. 

(i) Remove meter connections from 
Isolator board and reinstall in 
DVM. 



5 . 38. NULL DETECTOR ZERO 

(a) Place Null Detector board on 
the extender board . 



(b) With the DVM Readout Display 
all zeros and -Polarity, set the 
MODE control switch to HOLD . 

(c) Connect the microvoltmeter lead 
to the feedthrough supporting 
the top of resistor R63 on the 
Null Detector board . 

(d) Adjust the current zero poten- 
tiometer R7 for a reading of 
0 +_10 microvolts on the micro- 
voltmeter, 

(e) Remove the microvoitmeter lead 
from the Null Detector board 
and replace the board in DVM . 

5.39. AUTO POLARITY ZERO 

(a) Place the Auto Polarity board on 
the extender board and remove 
the plastic shield by removing 
the two mounting screws. 

(b) Set the MODE control switch to 
HOLD. 

(c) Connect microvoitmeter lead, 
through a series lOK resistor, 
to the top of the precision re- 
sistor R1 (standoff) on the Auto 
Polarity board . 

(d) Adjust the 5K voltage zero po- 
tentiometer R1 1 for 0+10 micro- 
volts output on the microvoit- 
meter. 

(e) Remove the microvoitmeter lead 
from the standoff and removethe 
Auto Polarity board from the ex- 
tender. Remount the plastic 
shield and reinsert the Auto 
polarity board in the DVM . 
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Figure 5.8, Ratio Test Setup 









5 . 40. DVM POLARITY ADJTJSTMENT 

(a) Place the Isolator board on the 
extender and connect the micro- 
voltmeter lead to the left side 
of capacitor C3. 

(b) Remove the short from the + and 
- Input Signal lines and connect 
to a negative voltage source. 

{c) Adjust the input voltage until 
microvoltmeter reads -1 milli- 
volt, 

(d) Adjust the Null Detector voltage 
zero potentiometer (R24) until 
Readout Display reads between 
9 and 10 digits. in equal propor- 
tions . 

(e) Switch DC Source to Positive 
polarity and adjust input until 
microvoltmeter reads +1 milli- 
volt . 

(f) Adjust the Auto Polarity current 
zero (R7) until the Readout Dis- 
play reads between 9 and 10 
digits in equal proportions. 

(g) Repeat steps (b) through (f) to 
ensure accuracy. 

(h) Remove the microvoltmeter leads 
from the Isolator board and re- 
install board in DVM. 

5.41, RATIO AD JUSTME NT 

(a) Set FUNCTION control switch 
to lOX RATIO. 

(b) Connect the DVM as shown in 
Figure 5.8 with +10 volts power 
supply voltage and the voltage 
divider set to 0 . 999900 . 



{c) Note the Readout display at +10 
volts and reduce the power sup- 
ply to +2 volts . 

(d) Adjust the Reference and Buffer 
Amplifier board ratio linearity 
potentiometer R1 7 until the DVM 
Readout display at 2 volts and 
at 10 volts are the same (within 
5 digits) . 

5.42. PLUS AND MINUS POLARITY 
GAINS 



(a) Set FUNCTION control switch 
to FAST DC . 

(b) Connect the Signal Input leads 
to the Power Supply and select 
-9 . 9990 volts . 

(c) Adjust the Reference and Buffer 
Amplifier Minus Polarity Gain 
potentiometer RIO for a DVM 
Readout display of -9.9990 volts . 

(d) Reverse the Polarity of the Power 
Supply voltage and adjust the 
Auto Polarity plus polarity gain 
potentiometer R3 for a DVM 
Readout display of +9 .990 volts, 

(e) Repeat steps (b) , (c) and (d) to 
ensure accuracy. 



5.43. RATIO ACCURACY 



(a) Set FUNCTION control switch 
to lOX RATIO. 

(b) Connect the DVM as shown in 
Figure 5 ,8 with the power supply 
set at a precise +10 volts. Set 
the Voltage Divider to 0 . 999900 . 
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(c) Adjust the Reference and Buffer 
Amplifier accuracy potentiom- 
eter R8 for a DVM Readout dis- 
play of +9.9990. 

(d) Switch the FUNCTION control 
switch to FAST DC. 

(e) Check the DVM Readout for dis- 
play of +9.9990 . 

5.44. DC RANGE CALIBRATION 

(a) Set FUNCTION control switch 
to FAST DC and the RANGE con- 
trol switch to 100, 

(b) Connect the Signal Input leads 
to a known -TOO volt source. 

(c) Adjust the Control board 100 
volt range potentiometer R34 for 
a Display readout of -100.00. 

(d) Set the Range Control switch to 
1000 and connect the DVM to a 
known -1000 volt source. 

(e) Adjust the 1000 volt range po- 
tentiometer R36 for a Display 
readout of -1000 . 0 , 



5.45. MILLIVOLT RANGE CALIBRATION 

(a) Set FUNCTION control switch 
to MV and the RANGE control 
switch to 100. 

(b) Short input leads together and 
adjust the MV ZERO control pot- 
tentiometer for a DVM readout 
display of all zeros. 

(c) Connect the Signal Input leads 
to a known 100 MV source. 



(d) Adjust Control board 100 MV 
range potentiometer R44 for a 
Display readout of 100.00. 

(e) Set RANGE control switch to 
1000 and connect DVM to known 
source of 1000 MV. 

(f) Adjust 1000 MV range potentio- 
meter R45 for a Display readout 
of 1000.00. 



5.46. AC RANGE CALIBRATION 

(a) Place AC Converter board on 
extender and set the 100 volt 
capacitor (5) to the middle of 
its span. 

(b) Set FUNCTION control switch 
to AC and Range Control switch 
to AUTO. 

(c) Connect the Signal Input to the 
following series of AC voltages 
and frequencies, adjusting the 
indicated adjustment until the 
instrument displays the known 
voltage value: 



Volts, RMS 


Frequency 


Adjustment 
(Figure 5.7) 


, 125.00 


400 Hz 


(1) 


125.00 


50 kHz 


(2) 


9.0000 


400 Hz 


(3) 


9.0000 


50 kHz 


(4) 


125.00 


50 kHz 


(5) 


90.000 


400 Hz 


(6) 


90.000 


50 kHz 


( 7 ) 



When all adjustments are com- 
pleted, check accuracy of ranges 
at 50 Hz, using voltage inputs 
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of approximately 9 . 0 , 90 . 0 , and 
125 volts . 

{d) Reinsert AC Converter in DVM. 

5.47 KILOHM RANGE CALIBRATION 

(a) Set FUNCTION switch to KIL- 
OHMS. Place Ohms Converter 
board on extender. 

(b) Short the following terminals 

together: +SIGNAL, -SIGNAL, 

and -OHMS CURRENT SOURCE. 

(c) Adjust Voltage Zero potentio- 
meter for zero display on DVM. 



(d) Remove short between +SIGNAL 
and -SIGNAL and Insert 10 Meg- 
ohm resistor between + SIGNAL 
and -SIGNAL. 

(e) Adjust Current Zero potentio- 
meter for zero display on DVM. 

(f) Connect the Input to a 10 meg- 
ohm standard and adjust the 
range potentiometer for a DVM 



Readout display equal to the 
value of the standard. 

(g) Repeat with standard resistors 
near full scale of the remaining 
four ranges , adjusting the appro- 
priate controls on the ohms 
board for a DVM Readout display 
for each standard value. 



5 . 48 FACTORY ADJUSTMENTS 

5.49. Certain adjustments are con- 
sidered critical and it is highly recom- 
mended that they not be disturbed. 
These adjustments involve, generally, 
the selection of FSV (factory-selected 
values) of components to compensate 
for temperature drift. It is necessary 
that an oven be used for these adjust- 
ments . 

5.50. The adjustments considered 
"Factory Adjustments" are R67 on the 
Null Detector, R49 on Auto Polarity 
board, and R42 on the Control Logic 
board. Procedures for adjusting these 
controls are given in the following 
paragraphs . 



Null 




I 1 

Voltage 

Divider 



Figure 5.9. Null Detector Tempco Adjust Set-Up 
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5.51 EQUIPMENT required 

Microvoltmeter, Fluke 845 -AR or 
equivalent 

Resistor Substitution Box 

Precision Voltage Source 

Temperature Chamber; 50°C oven 

Modified Null Detector Extender 
(Dana) 

5.52 NULL DETECTOR TEMPCO 
ADJUSTMENT 

5.53, The following procedure need 
be performed only if any of the tran- 
sistors in the first three stages of the 
Null Detector are replaced. The 
initial steps, prior to placing the Null 
Detector in the oven, should be per- 
formed at approximately 25°C. Before 
beginning this procedure, the Isolator 
Zero adjustments {paragraph 5.37} 
must be made. 

(a) Place Null Detector on modified 
extender board; set DVM range 
to 10; remove Auto Polarity 
board . 

(b) Remove FSV resistors R66, R68, 
andR69 from circuit; in place of 
R66, connect Resistor Substitu- 
tion Box. Short null detector 
input to analog common. 

{c) Short DVM input; set Collector 
Zero potentiometer R2 4 to center 
of its mechanical range. Adjust 
the Resistor Substitution Box for 
a readout of random numbers 
between full scale and zero. 
That is, adjusted to the point 
where the Null Detector is gen- 
erating neither an Up or Down 
command. On either side of the 
optimum adjustment, the readout 
will be either full scale (109999) 
or zero (000000). 



(d) Remove the Resistor Box from the 
circuit; in its place, install a 
fixed 5% carbon resistor nearest 
to the value determined in step 

c. 

(e) Adjust R24 for display of random 
numbers between full scale and 
zero . 

(f) Replace Auto Polarity board. 

(g) Adjust voltage divider at DVM 
input to a voltage of -2 MV (re- 
presenting 2 0 digits). 

(h) Adjust Current Zero potentiom- 
eter R7 for a readout of 000020 
on DVM display. 

(i) ’With input remaining at 20 
digits, place Null Detector in 
temperature chamber at 50°G 
(by extending cable attached to 
modified extender board) . Allow 
one hour warm-up. 

(j) After warm-up, note number of 
digits displayed on DVM read- 
out. The number of digits minus 
20 represents the amount of 
drift. To compensate for this 
drift, a voltage equal to four 
times the amount of drift and of 
same polarity must be placed on 
the opposite base of the input 
pair. For example, assume that 
the readout drifted from 20 digits 
to 2 8 during warm-up. This 
means that the drift was 8 digits 
orSOOuV. Remove Null Detector 
from oven and allow to cool. 

(k) To compensate for the drift, 
install 150 kilohms resistor 
across FSV terminals R69 (if 
drift positive) or 390 kilohms 
across FSV terminals R68 (if 
drift negative) . 
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(l) Connect micro voltmeter to base 
ofQlS {base "B" on schematic). 
Adjust R67 for a voltage equal 
to four times the drift observed 
in step i (3.2 MV for the above 
example) . 

(m) Repeat b through H; if the drift 
is greater than 1 digit, add 
algebralcly four times the noted 
drift to previous results of step 
i and adjust the voltage in base 
"B” of the input dual to this 
value . 

Example (continuing previous 
example) : 

Previous results (after tempera- 
ture" run): 

28 digits -20 digits = 8 digits = 
0 , 8 MV drift 

0 . 8 MV x 4 = 3 . 2 MV compensa- 
tion 

Second temperature run (assum- 
ing readout of iS): 

18 digits -20 digits = -2 digits = 
-0.2 MV drift 

Compensation = (-0,2 MV) 4 + 
3-2 MV (from first run) 

-0.8 MV + 3.2 MV = 2,4 MV 

5.54 AUTO POLARITY TEMPCO 
ADJUSTMENT 

5.55. The following procedure need 
be performed only if the first or second 
stage transistor of the Auto Polarity 
is replaced. The initial steps, prior 
to placing the Auto Polarity in the oven 
should be performed at approximately 
25®C . Before beginning this procedure , 
the Isolator Zero adjustments (para- 
graph 5.37) must be made. 



(a) Place Auto Polarity board on 
extender board; set the DVM 
range to 10 and function to DC. 

(b) Remove plastic cover from Auto 
Polarity board. 

(c) Connect microvoltmeter* minus 
lead minus sense (pin C) and 
plus lead to base "B" of the 
input dual and adjust tempera- 
ture potentiometer R49 for a 
microvoltmeter reading of 0 ^50 
uv. 

(d) Remove meter lead from base B 
and connect to base "A” of the 
input dual. Replace FSV resistor 
R12orRI5 (a resistor is Installed 
in one of the ftvo)with a jumper 
and set potentiometer Rll to 
midscale. 

(e) If meter reads positive, remove 
jumper from the FSVR12 position; 
if negative, remove jumper from 
the FSV R1 5 position and replace 
with resistor substitution box, 

(f) Adjust resistor box for the meter 
reading nearest zero. Remove 
the resistor box from circuit 
and replace with a 5% carbon 
resistor of the nearest standard 
value determined by the resistor 
box setting. 



(g) Adjust potentiometer Rll for a 
meter reading of 0+10 uv. 

*To prevent oscillations , the micro- 
voltmeter should be "decoupled" from 
the amplifier circuitry by inserting in 
series with the positive lead, a lOK 
5% carbon resistor. 
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(h) Remove meter leads and jumper 
from circuit board. Apply +2 
millivolts to the input of the 
DVM and adjust potentiometer 
R7 for a DVM readout display of 
+20 digits {+00.0020). 

(!) Set Auto Polarity board in oven 
at 50®C (by means of extender 
cable) and allow 1 hour for the 
board to warm-up . 

(j) After warm-up, note number of 
digits displayed on DVM read- 
out. The number of digits minus 
20 represents the amount of 
drift.* Multiplying this value 
by 9 gives the correction factor 
needed for temperature compen- 
sation, 

(k) Remove board from oven and 
allow to cool. Connect the 
minus lead of microvoltmeter 
to minus sense and the plus 
lead to base "B" of the input 
dual . 

(l) Adjust potentiometer R49 for a 
microvoltmeter reading of the 
correction factor calculated in 
step k. Remove 2-m ill 1 volt 
input. 

(m) Repeat steps d through k; if 
drift is greater than one digit, 
add algebraically 9 times the 



*If the amount of drift exceeds 5 digits , 
the matched set of gain resistors con- 
sisting of Rif R8, and RIO must be 
replaced. 



noted drift to the previous cor- 
rection factor and adjust the 
voltage in base "B" of the input 
dual to this value . For example: 
Assume the DVM readout display 
increases from +00.002 0 to 
+00.0023, or an increase of 3 
digits (+300 uv) . The correction 
factor is found by multiplying 
the 3 digits by 9, equalling a 
correction factor of 27, or 2 . 7 
millivolts . On the second trial , 
assume the DVM readout display 
decreases from 00,0020 to 
00.0018, or -2 digits. -2 times 
9 equals -18, or -1.8 millivolts; 
added algebraically to 2 . 7 milli- 
volts , it results in a new cor- 
rection factor of 0 . 9 milllvoits . 

5.56 DISPLAY RATE ADJUSTMENT 

5.57. The display rate circuitry deter- 
mines the number of measurements 
taken by the DVM in a given time 
period. Readjustment of the display 
rate control is required only If repairs 
are made on this circuitry. 

(a) With an oscilloscope monitor 
test point 2 (white) on the con- 
trol logic board. 

(b) Adjust potentiometer R42 on the 
control logic board for a pulse 
repetition rate of four per 
second. 
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K1 


310029 


RELAY 














AM 


ZETTLR 


AZ420-56 


K2 


310029 


RELAY 














AM 


ZETTLR 


AZ420-56 


K3 


310029 


relay 














AM 


ZETTLR 


AZ420-56 



K4 


310030 


RELAY 


DC 


4 


PDT 


28V 


1 PARELCO INR10-F046 


K5 


310029 


RELAY 










AM ZETTLR AZ420-56 


K7 


310029 


RELAY 










AM ZETTLR AZ420-56 


KB 


310011 


RELAY 


DC 


2 


PDT 


26V 


BABCOCK BR16-1250H2 


R25 


010344 


RES 


METAL 


237 


K 


1^^ 


1/4 W ELECTRA RN60D2373F 



R26 


010164 


RES 


METAL 


887 


K 


1* 


1 


W 


ELECTRA 


KN70Dfl873E 


R53 


040111 


RES 


VARl 


200 


K 




1 


w 


BECKMAN 


555R-200K 


R54 


000104 


RES 


CARBON 


100 


K 


5^ 


1/4 


HI 


OHMI TE 


RCU7r,F104J 



ASSEMBLY 40?031 



REF. 


PART 


OESIG. 


NO , 


Cl? 


1 200H9 


Cl 3 


120089 


R27 


010020 


R28 


020124 


R29 


010165 



R30 


020124 


R31 


020241 


R32 


020241 


R33 


010020 


R34 


040033 



parts list 



descriptiom 



CAP 


MYLAR 


4.7 MFD 


60 V 


10% 


KlNFT ICS 


1047-60 


CAP 


MYLAR 


4.7 MFU 


60 V 


lOX 


lUWFTlCS 


10^7-60 


RES 


METAL 


4.99 K 


1% 


1/4 


W 


ELtCTPA 


KN60D490 ] E 


RES 




MATCHED SET 








DANA 


020124 


RES 


METAL 


806 K 


1% 


1/2 


W1 


FLECTKA 


HIM65l)8063h 


RES 


WW 


MATCHED SET 








DANA 


020124 


RES 


WM 


10 K 


.05% 


1/8 


w 


JORDAN 


J-1 1 


RES 


WW 


10 K 


.05% 


1/8 


w 


JUKUAN 


J“ 1 1 


RES 


METAL 


4.99 K 


1% 


1/4 


w 


tLeCTKA 


RN60|)4991F 


RES 


VARI 


1 K 


10% 


1 


w 


TFCHNO 


20 



R35 

R36 

R37 

R38 

R39 



R40 

R41 

R42 

R43 

R44 



020124 

040033 

OOOB23 

000154 

000824 



000153 

010161 

020204 

020170 

040053 



040053 



RES 


WW MATCHED SET 








DANA 


RES 


VARI 


1 


K 


10% 


1 


W 


TFCHNI 1 


RES 


CARBON 


82 


K 


5% 


1/4 


W1 


()HMI Tb 


RES 


CARBON 


150 


K 


5% 


1/4 


W1 


OHMI TE 


RES 


CARBON 


820 


K 


5% 


1/4 


w 


OHMI TF 


RES 


CARBON 


15 


K 


5% 


1/4 


W1 


OHMITE 


RES 


METAL 


110 


OHM 


1% 


1/4 


w 


ELECTRA 


RES 


WW 


1.1111 


K 


.05% 


1/8 


w 


JORDAN 


RES 


WW 


100.83 


OHM 


.05% 


1/8 


w 


KELVIN 


RES 


VARI 


5 


K 


10% 


1.5 


w 


CIS 


RES 


VARI 


5 


K 


10% 


1.5 


w 


CIS 



020124 

20 

RCU70hL54.) 

KCn7GHH24s) 



KCnyoFi 53J 
RN60N1 1 0(JF 
J-L I 
t P-20 

no 



110 




PARTS LIST 



ASSFMRLY A02477 



BEF . 


PART 


















DFSir, . 


NO. 










D 


ESCRIPTION 






CBdl 


2000AH 


TRANS 


s 


It 


ICQ 


NPN 


DUAL 2N3565 


DANA 


20004H 


CR? 


21 123A 


DIODE 


s 


IL 


ICO 




007 


DAM A 


211236 


CR03 


200nAfl 


TRANS 


s 


IL 


ICO 


WH 


DUAL 2M35ft5 


DANA 


200(144 


CR4 


211236 


DIODE 


s 


IL 


ICO 




007 


DANA 


211236 


CR5 


211003 


DIODE 


s 


IL 


ICO 




018 L 


DANA 


211043 



CR6 


211083 


DIODF 


SILICO 




016 


1 


DAMA 


211043 


CRT 


211083 


DIfJDE 


SILICO 




016 


1 


f)ANA 


211043 


CR8 


211063 


DIODE 


SILICD 




OIB 


1 


DANA 


211043 


CR9 


220012 


DIODE 


SILICO 


ZENER 


1N956R 


1 


MUT UKOLA 


lH4bHK 


CRIO 


220012 


DIODE 


SILICO 


ZEMER 


1N958B 


1 


i^UrUKULA 


li\l9i?84 



CRll 


211083 


DIODE 


SILICO 


018 


1 


DANA 


2 1 1 f: 6 3 


CR12 


211083 


DIDDF 


SILICU 


018 


1 


DANA 


211083 


CR13 


2 1 1083 


ninoE 


SILICO 


018 


1 


DANA 


211083 


CR\4 


211083 


DIODE 


SILICO 


018 


1 


IJAMA 


211083 


CR15 


211083 


DIODE 


SILICO 


018 


1 


DANA 


2UOH3 



CR16 


21000A 


DIODE 


SILICO 




SD4 


n I ODES IN 


Si)4 




CR17 


21000^ 


DIODF 


SILICO 




SD4 


U I outs IN 


S04 




CR18 


221177 


DIODE 


SILICO 


ZENER 


1/4 W1 MOT OH (}L A 


M. 2.4A2b 


CR19 


200048 


TRANS 


SILICO 


NPN 


DUAL 2N3565 


OAmA 




200048 


CR20 


20004B 


TRANS 


SILICO 


NPN 


DUAL 2N3565 


DANA 




200048 



cm 


120128 


CAP 


POLYS 


.0056 


MFD 


125V 


5% 


UI EL 


winu 


C02 


120092 


CAP 


MYLAR 


1 


MFD 


300V 




I M8 


ZA2i)1(1!3K 


C3 


120083 


CAP 


MYLAR 


2 


MFD 


100 V 


5X1 


1M8 


XT28205J 


C4 


121146 


CAP 


MYLAR 


*0047 


MFD 


100 V 


lO^il 


CDt 


WMF 1047 


C5 


120005 


CAP 


MYLAR 


.001 


MFD 


100 V 


10^1 




WMF ini 



C6 


110038 


CAP 


ELECT 


50 


MFD 


15 


V 


20* 


DUCAT i 


^iO-15 


C7 


110038 


CAP 


ELECT 


50 


MFD 


15 


V 


20* 


DUCATI 


30- lb 


C8 


110039 


CAP 


ELECT 


5 


MFO 


50 


V 


20* 


DUCAT I 


b-50 


C9 


120003 


CAP 


MYLAR 


*1 


MFD 


100 


V 


10*1 


CDE 


WMtlPl 


CIO 


110036 


CAP 


ELECT 


25 


MFO 


50 


V 


20X 


DUCATI 


2b-50 



Cll 


110036 


CAP 


ELECT 


25 


MFD 


50 


V 


20^ 


DUCATI 


25-50 


C12 


100013 


CAP 


CERAM 


15 


PFO 


500 


V 


10% 


AEROVUX 


TCn-N750 


C13 


101145 


CAP 


CERAM 


100 


PFD 


500 


V 


10:^1 


AEROVUX 


5CD1X5F 


C14 


120003 


CAP 


MYLAR 


.1 


MFD 


100 


V 


10^1 


CUE 


H MFIPI 


C15 


101145 


CAP 


CERAM 


100 


PFD 


500 


V 


103?1 


AERllVUX 


SCD1X5F 



01 


201084 


TRANS 


GERMAN 


PNP 


2N1304 


1 T1 


2N1304 


02 


200027 


TRANS 


SILICO 




FSV 


DANA 


200027 


03 


200044 


TRANS 


SILICO 


NPN DUAL 


FSV 


DANA 


200044 



1 of 3 




PARTS LIST 

ASSEHBLY A02A77 



RfF. 


PART 














HESIG* 


NO. 






0 e s c 


K 1 P T ] U N 








200044 


TRANS 


SlLtCO 


NPN DUAL 


FSV 


DANA 


?onn44 


Q5 


200036 


TRANS 


SI LI CO 


NPN 


015 


l.)ANA 


?C)00a6 





200036 


TRANS 


SILICO 


NPN 


015 








200043 


TRANS 


SILICO 


NPN 


2N3565 


hfilKCHlU) 


?N3bA5 


OH 


200043 


TRANS 


SILICO 


Nm 


2N3565 


FAIRCHILD 




0^ 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


?0()03b 


□ 10 


20002? 


TRANS 


SILICO 


PNP 


012 


DANA 


200022 



01 1 


200052 


TRANS 


SILICO 


PNH 


009 


DANA 


?ono5? 


01 ? 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIBCHIU) 


?N3565 


013 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FMRCHI LO 


?N3565 


r.^ 1 ^ 


200022 


TRANS 


SILICO 


PNP 


012 


DANA 


?00022 


(Ub 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


200035 



ui^ 


200035 


TRANS 


SILICO 


NPN 


014 








DANA 


200035 


R1 


000152 


RES 


CARftOM 


1*5 


K 


5 % 


1/4 


wi 


OHNJTE 


RC07GF152J 




nooioi 


RES 


CARBON 


100 


OHN 


5* 


1/4 


Wl 


OHMITF 


RCnTriFlOl J 


"j 


010249 


RES 


WN 


25 


M 


2% 


1/H 


w 


DALE 


i^C-2 




000101 


RES 


CARBON 


100 


OHN 


5% 


1/4 


Wl 


(JMMITF 


KCuyt.Finij 



R5 


00062? 


RES 


CARBON 


6 


*2 


K 


b% 


1/4 


WI 


ghmitf 




tih 


000242 


Res 


CARBON 


2 


•4 


K 


5% 


1/4 


Ml 


OHMITE 


«C07GF24?.t 


R7 


040005 


RES 


VARl 




10 


K 


lox 


1/2 


W 


BitURNS 


3067-B-l-l n 


RH 


000152 


RES 


CARBON 


1 


*5 


k 


5* 


1/4 


Wl 


UHMI Tt 


KCu7(,F152J 


R Ifl 


000752 


RES 


CARBON 


7 


.5 


K 


5* 


1/4 


Ml 


OHMITE 


RC07GF752J 



R 1 J 


000136 


RES 


CARBON 


13 M 


5* 


1/4 


H 


□HMITF 


RCn7GF136J 


R12 


001734 


RES 


FSV 










DANA 


001734 


R13 


010236 


RES 


UW 


10 MEG 


1* 


1 


WL 


PME 


PME70T2 


R IS 


0006A5 


RES 


CARBON 


6.6 M 


5S 


1/4 


W 


OHMITE 


RCn7GF6K5J 


Rlfy 


000132 


RES 


CMBON 


1.3 K 


5% 


1/4 


W 


OHMITE 


RCU7GF132J 



kin 


010236 


RES 


HW 


10 


MEG 


1% 


1 


Wl 


PME 


PME70T2 


R?0 


000335 


^ RES 


CARBON 


3.3 


N 


5« 


1/4 


Wl 


OHMITE 


kCD7GF335J 


K21 


000665 


RES 


CARBON 


6.6 


M 


5% 


1/4 


Wl 


OHMITE 


RCn?GF5h5J 


R?2 


000393 


RES 


CARBON 


39' 


R 


5* 


1/4 


w 


OHMITE 


RC07GF393J 




000912 


RES 


CARBON 


9.1 


K 


5» 


1/4 


Wl 


OHMITE 


RCn7GF9l?J 



R 2 A 


000513 


RES 


CARBON 


■ ■ 51' R 


5* 


1/4 Wl 


OHMITF 


RC07GF513.J 


k?5 


000102 


RES 


CARBON 


1 K 


5* 


1/4 Wl 


OHMITE 


RCIWGF 102.1 


k2^ 


000122 


RES 


CARBON 


1.2, K 


5SK 


1/4 Wl 


OHMITE 


RCU 7GF122J 


R27 


000102 


RES 


(lAAUUMi 


IN- 


5X 


1/4 WT 


OHMITE 


RC07GF 102.1 




000472 


RES 


GAIWBCIN 


4.7 K 


53; 


1/4 Wl 


OHMITE, 


RC[)7GF4y?,( 


k 


000101 


RES 


CARBON 


100 OHM 


53: 


1/4 Wl 


OHMITF 


MCn7GF101 ,1 
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PARTS LIST 



ASSh»^RLY 

RPR. PART 



dpsk;. 


MW, 






n b s 


C K : 


I R T 


I n 


N 






R30 


onoQi? 


KtS 


r.ARHIIlM 


y .1 


K 




1/4 


W1 


(JHllITb 


Rcrj7(;Hsi>.) 


R31 


000102 


KES 


CARBON 


1 


K 


5SR 


1/4 


W1 


OHMITE 


RC(J7r,f-10?J 


«3? 


000912 


KE5 


CARBON 


9.1 


K 


5* 


1/4 


W1 


OHMITE 


RCU7CF<j] ?.J 


H33 


000332 


RES 


CARHUN 


3.3 


K 


5% 


1/4 


W1 


OHMITE 


RCM7r,F33^J 



K .->4 


000332 


KES 


CAKflfJW 


3.3 


K 


5% 


1/4 


W1 


OHhlTE 


RCIl7riE332J 


R3b 


000511 


KbS 


CARBON 


510 


OHM 


5% 


1/4 


wi 


OHMITE 


RCU7f;F511J 


K3f» 


000153 


RES 


CARBON 


15 


K 


5% 


1/4 


W1 


OHMITE 


RCU7GF153,i 


R37 


0002A0 


RES 


CARBON 


24 


0H^^ 


5% 


1/4 


Wl 


QHMITF 


kCn7f7F24DJ 


R3B 


000750 


RES 


CAKfiDN 


75 


OHM 


5% 


1/4 


Wl 


OHMITE 


RCrj7CF750J 



R39 


000240 


RES 


CARBCtM 


24 


OHM 


5* 


1/4 


Wl 


OHMITE 


RCn7r,F?4f).j 


R40 


000433 


RES 


CARBON 


43 


K 


5% 


1/4 


W 


flHMiTE 


RC07GFA33J 


R41 


OOOlOl 


RES 


CARBON 


100 


OHM 


5% 


1/4 


Wl 


OHMITE 


RCr)7GF101J 


R4? 


000153 


KES 


CARBON 


15 


K 




1/4 


Wl 


OHMITE 


RCU7GF153J 


R43 


000103 


KES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


HCO7GF103J 



R44 


0(11734 


RES 


FSV 






DANA 


001734 


R49 


000750 


RES 


CARBON 


7 5 OHM 


5* 1/4 Wl 


OHmITE 


kC07Gr75l),l 



3 Of 3 




PARTS LIST 



ASSEMBLY 4t)2f13fl 
RfF. PART 



tlFSlG. 


NQ. 






DESCRIPTION 








CRl 


2 IIOP 13 


DinDB 


SILICO 


018 1 


DANA 




211083 


A-CRl 


210004 


DIODB 


siLlcn 


SD4 


DIODES 


IN 


SD4 


CR2 


211083 


DIODE 


SILICO 


018 1 


DANA 




211083 


A-CR2 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


S04 


J-CR02 


210004 


DIODE 


SILICO 


SDA 


DIODES 


IN 


SD4 



K-CR2 


210004 


DIODE 


SILICO 


SD4 


in ODES 


IN 


SD4 


M-CR2 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


SD4 


CR3 


211083 


DIODE 


SILICO 


018 


1 DANA 




211083 


A-CR3 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


SD4 


L-CR3 


210004 


DIODE 


SILICO 


SD4 


DIODES 


IN 


SD4 



U‘CR3 


210004 


DIODE 


SILICO 


SD4 




OICIOES IN 


SD4 


CR4 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


A-CR4 


210004 


OIUDE 


SILICO 


S04 




DIODES IN 


SD4 


CR5 


210004 


DIODE 


SILICO 


SU4 




D I DDES IN 


S04 


CR?5 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR26 


211083 


DIODE 


siLicn 


018 


1 


DANA 


211083 


CR27 


211083 


DIUOE 


SILICO 


018 


1 


DANA 


211083 


CR2R 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR3^t 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR37 


210004 


DIODE 


siLicn 


SD4 




DIODES IN 


SU4 



CR38 


210004 


DIODE 


SILICO 


SD4 








DIODES IN 


SD4 


CR39 


'211083 


DIODE 


SILICO 


018 






1 


DANA 


2110B3 


CR42 


211083 


DIODE 


SILICO 


018 






1 


DANA 


2U0B3 


COl 


101174 


CAP 


CERAM 


-001 MFD 


500 


V 


10X1 


AEROVOX 


SC03X6E 


F-COl 


121092 


CAP 


MYLAR 


-0022 MFD 


100 


V 


10 % 


CUE 


WMF1D22 



001 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


ft-'OOl 


200037 


TRANS 


SILICO 


NPN 


2N3646 


FAIRCHILD 


2N3646 


no2 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


0-002 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


003 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 



004 


200035 


TRANS 


SILICO 


NPN 


014 






DANA 


200035 


005 


200043 


TRANS 


siLicn 


NPN 


2N3565 






FAIRCHILD 


2N356S 


006 


200043 


TRANS 


SILICO 


NPN 


2N3565 






FAIRCHILD 


2N3565 


ROl 


000222 


RES 


CAR80N 


2-2 


K 5 % 


1/4 




QHMITE 


RC07GF222J 


R02 


000153 


RES 


CARBON 


15 


K 5 % 


1/4 


W1 


□hmite 


RC07GF153J 



R03 


000222 


RES 


CARBGN 


2-2 


K 


5 % 


1/4 


W1 


OHMITE 


RC07GF222J 


R04 


000153 


RES 


tARBDN 


15 


K 


5 % 


1/4 


Ml 


OHMITE 


RCQ7GF153J 


R05 


000822 


RES 


CARBON 


8*2 


K 


5X 


1/4 


W1 


OHMITB 


RC07GFB22J 



1 Of 2 




PARTS LIST 



ASSEMBLY 402038 



RFF, 


PART 












OfSlG. 


NO. 






DESCRIPTION 






Ckl 


2U0R3 


DIODE 


SILICO 


018 1 


DANA 


211083 


A-CRl 


210004 


DIODE 


SI LI CO 


SD4 


DIODES IN 


SU4 


CR2 


211083 


DIODE 


SILICO 


018 1 


DANA 


211083 


A-CR2 


210004 


DIODE 


SILICO 


SD4 


DIODES IN 


SD4 


J-CR02 


210004 


DIODE 


SILICO 


Sl)4 


DIODES IN 


SD4 



K-CR2 


210004 


DIODF 


SILICO 


SD4 


DIODES IN 


SD4 


M-CR2 


210004 


DIODE 


SILICO 


SD4 


DIODES IN 


SD4 


CR3 


211083 


DIODE 


SILICO 


018 


1 DANA 


211083 


A-CR3 


210004 


DIODE 


SILICO 


SD4 


DIODES IN 


SD4 


L-CR3 


210004 


DIODE 


siLicn 


SD4 


DIODES IN 


SD4 



U-CR3 


210004 


DIODE 


SILICO 


SD4 




DIODES 


IN 


SD4 




CR4 


211083 


DIODE 


SILICO 


018 


1 


DANA 




2 


11083 


A-CR4 


210004 


DIODE 


SILICO 


S04 




DIODES 


IN 


SD4 




CR5 


210004 


DIDDE 


SILICO 


SD4 




DIODES 


IN 


S04 




CR25 


211083 


DIODE 


SILICO 


018 


1 


DANA 




2 


11083 



CR26 


2110B3 


DIODE 


SILICO 


018 


1 


DANA 2110B3 


CK27 


2110H3 


DIODE 


SILICO 


018 


1 


DANA 211083 


CR2B 


21I0S3 


DIODE 


SILICO 


018 


1 


DANA 2110B3 


CR3A 


2U0R3 


DIODE 


SILICO 


018 


1 


DANA 21 1083 


CR37 


2100D4 


DIODE 


SILICO 


SD4 




DIODES IN SD4 



CR3H 


210004 


DIODE 


SILICO 


■SD4 








DIODES IN 


S04 


CR39 


211083 


DIODE 


SILICO 


018 






1 


DANA 


211083 


CR42 


211063 


DIODE 


SILICO 


018 






1 


DANA 


211083 


COl 


101174 


CAP 


CERAM 


.001 MFO 


500 


V 


10%1 


AEROVOX 


5CD3X5E 


E-COl 


121092 


CAP 


MYLAR 


.0022 MFD 


100 


V 


10% 


CUE 


WMF1D22 



001 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3665 


8-001 


200037 


TRANS 


SIL 


ICO 


NPN 


2N3646 


FAIRCHILD 


2N3ft46 


□ 02 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


S-002 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


□ 03 


200043 


TRANS 


SIL 


ICO 


NPN 


2N3565 


FAIRCHILD 


2N35ft5 



004 


200035 


TRANS 


SILICO 


NPN 


014 






DANA 


200035 


005 


200043 


TRANS 


SILICO 


NPN 


2N3565 






FAIRCHILD 


2N3565 


006 


200043 


TRANS 


SILICO 


NPN 


2N3565 






FAIRCHILD 


2N3565 


ROl 


000222 


RES 


CARBON 


2.2 


K 5 % 


1/4 


Ml 


OHMITE 


RC07GF222J 


R02 


000153 


RES 


CARBON 


15 


K 5 % 


1/4 


Ml 


QHMITE 


RC07GF153J 



R03 


000222 


RES 


CARBON 


2 .2 


K 


5% 


1/4 


W1 


OHMITE 


RCD7GF222J 


R04 


000153 


RES 


CARBON 


15 


K 


5 % 


1/4 


Ml 


OHMITE 


RC07GF153J 


R05 


000622 


RES 


CARBON 


8.2 


K 


5 % 


1/4 


Ml 


OHMITE 


RCQ7GF822J 



1 Of 2 




PARTS LIST 



ASSFMftLY 40?03B 



kt-h, PART 

ITfcSIG. NO. DESCRIPTION 



ROA 


000153 


Res 


CARHON 


15 


K 


5% 


1/4 


W1 


UMHt IE 




R07 


00020^ 


Res 


CARBON 


200 


K 


5* 




W 


HhMlTfc 





ROR 


000243 


RES 


CARBON 


?4 


K 


5* 


1/4 


W1 


HHhl TE 


no 1 ^.1 


B-ROB 


000123 


RES 


CARBON 


12 


K 


3>. 


1/4 


wl 


OHM I T E 


Rtn 1 2 l.t 


C-ROfl 


000123 


RES 


CARBON 


12 


K 


3X 


1/4 


W1 


DHMI TE 


KC(i7fiEl?3J 


D-ROB 


00051? 


RES 


CARBON 


3.1 


K 


5* 


1/4 


Wl 


IJHMITE 


RC(J7fiE5l?J 


e-rtOH 


000512 


RES 


CARBON 


5.1 


K 


5% 


1/4 


W1 


CihmITE 


kC()7GF51?J 



H-kOB 


00D82Z 


RES 


CARBON 


8*2 


K 


5X 


1/4 


nl 


MMMl T t 


kr.M7(-t- 


J-ROfl 


000822 


RES 


CARBON 


8.2 


K 


5% 


1/4 


Wl 


UHMITE 


kCnM»Ew?2J 


K-R08 


OOOB22 


RES 


CARBON 


8*2 


K 


3X 


1/4 


HI 


UHMlTE 


KCnV(iFh?;'J 


L-ROfl 


OOOR22 


RES 


CARBON 


8*2 


K 


5t 


1/4 


W1 


OHMITE 


RC07r,FR??J 


M-KClfl 


000822 


RES 


CARBON 


8*2 


K 


5% 


1/4 


HI 


OHMITE 


RCI17GEF??.) 


HIO 


000273 


RES 


CAHHik>i 


27 


K 


sr 


1/4 




l^Hl«IT^ 


kCi)7r,h^73.l 


klX 


000243 


RES 


CARBON 


24 


K 


54 


1/4 


HI 


OHmITp 


-L"7fiE>43J 


R12 


000822 ^ 


^ ^RES 


CARBON 


8.2 


K 


5% 


1/4 


HI 


OHM I TE 


kCO 0,EH?2 .1 


R13 


000822 


RES 


CARBON 


H.2 


K 


5* 


1/4 


Wl 


OHMITE 


KCn7f;F8?2 j 


« 14 


000153 


RES 


CARBON 


15 


K 


5% 


1/4 


wl 


OHMITE 


r!(:o7f,El 53.1 


K13 


000822' 


RES 


CARBON 


e.2 


K 


5% 


1/4 


HI 


OHMITE 


kCm7GE»22 J 


K18 


030012 


RES 


CARBON 


130 


K 


5% 


1 


H 


OHMITE 


RC32GE 134.1 


19 


000512 


RES 


CARBON 


3.L 


K 


5% 


1/4 


Wl 


OHMITE 


RCnVGEbl ?.) 


K/n 


000104 


RES 


CARBON 


100 


K 


5X 


1/4 


HI 


OHMITE 


rcu7(;fi(u^.i 


k21 


000512 


RES 


, CARBON 


5*1 


K 


5% 


1/4 


HI 


OHMITE 


RCn7nF51 2.t 


R2? 


000512 


RES 


CARBON 


5.1 


K 


5X 


1/4 


HI 


OHMITE 


RCn7GF51 


k?3 


030012 , 


RES 


^CMBON 


■ 30 


tt 


59 


1 




OMNITE 


RC32GE134J 
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PARTS tIST 



•.sSKMm,Y ^o?in? 



Nf;F . 


PART 














UESIG. 


NO* 






0 E S C R I P T 1 


[ 0 N 






CHI 


21 10ft3 


DIODE 


siL icn 


018 


1 


DANA 


211083 


CR2 


2110B3 


DIODE 


SUICO 


018 


1 


DANA 


211083 


CR3 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRA 


211083 


^laoE 


SIL ICG 


018 


1 


DANA 


2110H3 


CH5 


211083 


DIODE 


SILICU 


018 


1 


DANA 


2U083 



CKft 


211083 


DIODE 


SIL icn 


niR 


1 


DANA 


2110H3 


Ch 7 


211083 


DIODE 


SILICU 


018 


1 . 


DANA 


211083 


CRP 


211083 


DIODE 


siLicn 


Olfi 


1 


DANA 


211083 


CR9 


22000^ 


DIODE 


SILICU ZENER 


1N961B 


1 


MUTQRULA 


1NS61K 


CRIO 


211083 


01 DOE 


SILICU 


018 


1 


DANA 


211083 



CRll 


211083 


DIODE 


SILICU 


018 


1 DANA 




211083 


CP 1 2 


21000^ 


DIODE 


SILICU 


SD4 


DIODES 


I^l 


SD4 


CR13 


210004 


DIODE 


SILICU 


SD4 


DIODES 


I iM 


SD4 


CR14 


210004 


DIODE 


SILICU 


SD4 


UIDDES 


IN 


SD4 


CR15 


211083 


DIODE 


SILICO 


018 


1 DANA 




211083 



Cl 


130043 


CAP 


GLASS 


7*5 


PFO 


500 


V 


10* 


CORN 


CYFN10C7R7 


C2 


130029 


CAP 


GLASS 


1-5 


PFI) 


500 


V 


10* 


LRC 


682118 


C3 


110017 


CAP 


TANTA 


1 


MFD 


35 


V 


10*1 


KErtFT 


KIC35K 


C4 


110038 


CAP 


ELECT 


50 


MFD 


15 


V 


20* 


DUCAT I 


50-lS 


Cb 


1 10001 


CAP 


TANTA 




MFD 


35 


V 


10*1 


KEi^ibT 


Khk8C35K 



r> 


10 1641 


CAP 


CERAM 


470 


PFI) 


500 


V 


10%\ 


AEROVOX 


SC01X5F 


C7 


130039 


CAP 


GLASS 


27 


pf n 


500 


V 


10% 


CDRN 


CYFM10C270J 


Cft 


130029 


CAP 


GLASS 


1-5 


PFD 


500 


V 


10% 


LHC 


(SB2 31h 


C9 


100006 


CAP 


CERAM 


10 


PFD 


500 


V 


10%1 


AERDVDX 


TCD-N750 


CIO 


130034 


CAP 


CERAM 


7-45 


PFD 


500 


V 


10% 


CRL 


ft22BN-Nf>50 



cn 


130040 


CAP 


GLASS 


240 


PFD 


300 


V 


10% 


CORN 


CYHwtnr.?4ij 


C13 


130041 


CAP 


GLASS 


3000 


PFD 


500 


V 


lOX 


CORN 


CYFi'2()0:'iO? J 


C14 


100006 


CAP 


CERAM 


10 


PFO 


500 


V 


10%1 


AEKOVUX 


TCD-N750 


C15 


101641 


CAP 


CERAM 


470 


PFD 


500 


V 


ios;i 


AEKOVriX 


scrnxbF 


C16 


110001 


CAP 


TANTA 


6*8 


MFU 


35 


V 


lOXl 


KFMFT 


K6PHC35K 



C17 


100005 


CAP 


CERAM 


22 


PFD 


500 


V 


10% 


AERUVUX 


TCD-N750 


C18 


110001 


CAP 


TANTA 


6*8 


MFO 


35 


V 


10*1 


KEME7 


K6R8C35K 


C19 


110002 


CAP 


TMITA 


22 


HFO 


35 


V 


10*1 


KEMET 


K22C35K 


C20 


110001 


CAP 


TANTA 


6*8 


MFO 


35 


V 


10S!1 


KEMET 


K6R8C35K 


C21 


120069 


CAP 


MYLAR 


*39 


MFD 


100 


V 


10% 


1MB 


XAU34K 



C22 


130034 


CAP 


CERAM 


7-45 PFD 


500 V 


\0% 


CRL 


822BN-N6‘jO 


C23 


130027 


CAP 


GLASS 


10 PFD 


500 V 


10% 


CORN 


CYFM-lOClOO 


Kl 


310013 


RELAY 


REED 


SPST 


24V 


1 


WHEELDCK 


29ftlA Xf) 
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PARTS LIST 



ASSEMBtV 40Z10? 



OFSIG* 


PART 

NO. 






D e S C K 


1 P T I 0 N 






K? 

K3 


310013 

310022 


RELAY 

RELAY 


REED 

OC 


SPST 
^ PUT 


24V 1 

29V 


WHtELUCK 
AI.L I F(J 


29^'IA Xh 

TSl5<f-nr,-r,c 



01 


200035 


TRANS 


SILICO 


NPN 


niA 


DANA 


PofUDi*] 


02 


200035 


TRANS 


SUICO 


NPN 


014 


DANA 


200(f')5 


0 3 


200035 


TRANS 


SILICO 


NPW 


tU4 


DANA 


2(IO()3b 


04 


2000A3 


TRANS 


SILICO 


NPN 


2N35h6 


f-AIRCHlLO 


2NH565 


(Jb 


2000A3 


TRANS 


SILICO 


NPN 


2N3565 


PAIRCHUD 


?N35fi5 



0^ 


200043 


TRANS 


SILICO 


NPN 




PAIRCHlLO 


2N35h5 


0 7 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N3565 


Qft 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILD 


2N35h5 


09 


20001 1 


TRANS 


SILICO 


PNP 


009 


DANA 


?00(J 1 1 


010 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


?IM)D3‘> 



k 1 


000473 


RFS 


CARRDN 


47 


K 


5X 


1/4 


W1 


OHMlTE 


RCn7rYF473J 




0102RO 


R6S 


WW 


329 


K 




1/B 


N 


PHP 


pMf 3 2 9K 1 2 




000473 


R€S 


CARBON 


47 


K 


6% 


1/4 


1^1 


UHMITE 


RCn7GF473J 


k4 


000AA4 


RES 


CARBON 


680 


K 


511! 


1/4 


W 


OHMlTE 


RCri7GF684J 




000101 


RES 


CARBON 


100 


OHM 


5X 


1/4 


HI 


OHMlTE 


KCOVGFIOIJ 





000913 


RES 


CARBON 


91 


K 


5* 


1/4 


H 


OHMlTE 


RCtJ7(iF91 3J 


k 7 


000470 


RES 


CARBON 


47 


UHN 


51ft 


1/4 


HI 


OHMITF 


HCnTr.F^TDJ 




0006B2 


RES 


CARBON 


6.8 


K 


5* 


1/4 


HI 


DHMITt 


«co7{;f 4H2 j 




00027? 


KE5 


CARBON 


2.7 


K 


51ft 


1/4 


W 


DHMlTE 


KCD7r,H?72J 


k i t ) 


000201 


RES 


CARBON 


200 


OHM 


5* 


1/4 


W1 


DHMI TE 


RCt)7(iF?(n J 



R 1 1 


010280 


RES 


HU 


329 


K 


*25% 


1/fi 


H 


PME 


PME329KT2 


K 12 


000913 


RES 


CARBON 


91 


K 


5% 


1/4 


W 


UHMITE 


PC07GF913J 


K 1 3 


010280 


RES 


WW 


329 


K 


• 25% 


1/fl 


H 


PME 


PME329KT2 


R 1 4 


010280 


RES 


HH 


329 


K 


.25% 


1/8 


H 


PME 


PMF329KT2 


R 15 


000152 


RES 


CARBON 


1.5 


K 


5% 


1/4 


HI 


OHMlTE 


RC07GF 152 J 



K16 


000201 


RES 


CARBON 


200 


OHM 


5* 


1/4 


HI 


DHMlTE 


KC07tiP201J 


R17 


000392 


RES 


CARBON 


0003*9 


K 


5* 


1/4 


HI 


OHMlTE 


RC07GF392J 


Rlfl 


040053 


RES 


VARl 


5 


K 


10% 


1.5 


W 


CTS 


110 


R 19 


040062 


RES 


VAR I 


500 


OHM 


10% 


1.5 


H 


CTS 


UO 


R2n 


040052 


RES 


VAR I 


50 


OHM 


10% 


1.5 


H 


CTS 


110 



R?1 


000153 


RES 


CARBUN 


15 


K 


5% 


1/4 


HI 


OHMlTE 


KC07GF153D 


k22 


000330 


RES 


CARBON 


33 


K 


5% 


1/4 


H 


OHMlTE 


RCQ7r,F33(t.l 


K23 


000751 


RES 


CARBOM 


750 


OHM 


5% 


1/4 


HI 


OHHITE 


RCD7GFT51J 


R24 


000330 


RES 


CARBON 


33 


K 


5* 


1/4 


H 


OHMlTE 


RCQ7GF330J 


R25 


000432 


RES 


CARBON 


4.3 


K - 


5% 


1/4 


HI 


OHMlTE 


RC076F432J 


R26 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


HI 


OHMlTE 


Hr,n7GFl()3.l 
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PARTS LIST 



ASSEMBLY A0Z102 
REF, PART 



nf Sir,, 


NO* 






n E S 


C k ] 


[ P T 


I □ 


N 






R27 


000910 


RES 


CARBON 


91 


QHM 


5* 


1/A 


W1 


OHMITE 


RCa7GF91C)J 




000390 


RES 


CARBON 


39 


OHM 


5 % 


1/4 


W1 


OHMITE 


RCQ7GF3S0J 




020165 


RES 


WW 


270 


K 


1 % 


1/8 


w 


KELVIN 


EP-20 


R30 


020165 


RES 


WVJ 


270 


K 


1 % 


1/8 


w 


KELVIN 


EP-20 



R31 


020164 


RES 


HW 


135 


K 


.1^ 


1/8 




KELVIN 


EP-20 


R32 


020164 


RES 


UW 


135 


K 


*1« 


1/B 


W 


KELVIN 


EP-20 


R33 


000202 


RES 


CARBON 


2 


K 


5 % 


1/4 


HI 


OHMITE 


RC07GF202J 


R34 


001705 


RES 


CARBON 


820 


OHM 


5 % 


1/2 


H 


OHMITE 


RC20GF821J 


R35 


000152 


RES 


CARBON 


1.5 


K 


5 % 


1/4 


HI 


OHMITE 


RC07GF152J 
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PARTS LIST 



ASSEMRLY 40203^ 



RfF. 


PART 














nfrSir,. 


N(U 






D E S C R 1 P T 


1 0 N 






CRT 


?2001? 


niMDt 


SIL ICO 


ZEF^EK 1N9&8H 


1 


MOTORnCA 


1N958H 


CRXO 


211083 


UIDOE 


SILICO 


018 


1 


DANA 


211083 


CRU 


211083 


DIGOE 


siLicn 


018 


1 


DANA 


211083 


CRl? 


211083 


□ 1001: 


SILICO 


018 


1 


DANA 


211083 


CK13 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



C« 14 


21 1083 


OIUDE SUlCtJ 


018 


1 


DANA 


211083 


CRIS 


211083 


DIODE SILICO 


018 


1 


DANA 


211083 


CK16 


211083 


DIODE SILICO 


018 


1 


DANA 


211083 


CR17 


2U083 


DIODE SILICO 


018 


1 


DANA 


211083 


CRIB 


211083 


DIODE SILICO 


018 


1 


DANA 


211083 



CRX9 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


CR2 


220012 


DIODE 


SILICO 


ZENER 


IH95&H 


1 


HOTORDLA 


1IM958B 


CR3 


21000ft 


ninoE 


siLicn 




S388 




G.E. 


S36B 


CRA 


?innrjft 


DlODb 


SILICO 




S368 




G.E. 


S388 


CR5 


221177 


DIODE 


SILICO 


ZENER 




1/4 Ml 


MCITUKOLA 


M.2.4A25 



CHh 


220007 


DIuOP 


SILICO 


ZENER 1N751 


1 


MOTOROLA 


1N751 


CK7 


210007 


niMUfc 


siLicn 


168 




G,E. 


DH0166 




2Ht007 


DIODE 


SILICO 


166 




G.E. 


0H0166 


CRS 


211083 


DIODE 


SILICO 


OIB 


1 


DANA 


211083 


COl 


110039 


CAP 


ELECT 


5 MFD 50 V 


20% 


DUCAT I 


5-50 



C02 


nt)039 


CAP 


ELECT 


5 


MFD 


50 


V 


20% 


DUCAT I 


3-50 


C03 


120039 


CAP 


POLYS 


24 


PFD 


500 


V 


5% 


CRL 


CRR“2^J 


C04 


120039 


CAP 


POLYS 


24 


PFO 


500 


V 


5% 


CRL 


CPR-24J 


C05 


101145 


CAP 


CERAH 


100 


PFD 


500 


V 


10%1 


AEROVUX 


SCD1X5F 


C06 


100012 


CAP 


CERAM 


33 


PFD 


500 


V 


10% 


AEROVDX 


TCD-N75 



C07 


101175 


CAP 


CERAM 


220 


PFD 


500 


V 


10X1 


AERQVOX 


SCD1X5F 


C08 


101099 


CAP 


CERAM 


680 


PFD 


500 


V 


10%1 


AERDVOX 


SC02X5F 


Cll 


loooin 


CAP 


CERAM 


68 


PFD 


500 


V 


10% 


AERVOX 


TCD-N750 


C12 


100010 


CAP 


CERAM 


68 


PFO 


500 


V 


10% 


AERVDX 


TC0-N750 


C13 


110044 


CAP 


ELECT 


50 


MFD 


50 


V 


20% 


DUCAT 1 


50-50 



C14 


120005 


CAP 


MYLAR 


• 001 


MFD 


100 


V 


10%1 




WMFIDI 


C15 


120005 


CAP 


MYLAR 


.001 


MFD 


100 


V 


10%1 




WMFIIJI 


C16 


100010 


CAP 


CERAH 


68 


PFD 


500 


V 


10% 


AERVnX 


TCO-N750 


C17 


100010 


CAP 


CERAM 


68 


PFO 


500 


V 


10% 


AERVOX 


TCD-N750 


CIS 


121393 


CAP 


MYLAR 


.22 


MFD 


100 


V 


10% 


CDE 


UMFIP2 



KOI 


311274 


RELAY 


DC 




2 PDT 26V 




BABCOCK 


BRL2H-1 .6KC 


QOl 


201084 


TRANS 


GERMAN 


PNP 


2N1304 


1 


T1 


2N1304 


002 


200036 


TRANS 


SILICO 


NPN 


015 




DANA 


200036 
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PARTS LIST 



ASSFMBLY 40203ft 



HFF. 

OFSKi. 


PART 

NO. 






description 




003 

004 


?00040 

200040 


TRANS 

TRANS 


siLlcn 

SILICU 


NPN Gift DANA 

NPN (lift DANA 


200040 

200040 



005 


2000A3 


TRANS 


SILICD 


NPN 


?N35ft5 


HAlHCHiLli 


2<'M ‘ift *1 


00ft 


200011 


fRANS 


SILICU 


HNP 


009 


□ ANA 


20i>{) 1 1 


U07 


200035 


TRANS 


SILICO 


NPN 


014 


HANA 


200035 


M08 


200011 


TRANS 


SlUCO 


PNP 


0D9 


f)ANA 


200011 


009 


200035 


TRANS 


SILICO 


NPN 


014 


IJANA 


200035 





200043 


TRANS 


SILICU 


NHN 


2N35ft5 


FAIHCHILO 


?N3bft5 


on 


200043 


TRANS 


SILICO 


NPN 


2N35ftb 


FA IKCHILO 


2N3565 


012 


200037 


TRANS 


SILICO 


NPN 


2N3ft46 


FAIKCHILO 


2N364ft 


013 


200037 


TRANS 


SUICO 


NPN 


2N3ft4fc 


FA IKLHI LO 


2N3646 


0 lA 


200049 


TRANS 






2N341 / 


Gfc ZN3417 



01^ 


200035 


TRANS 


SILICO 


NPN 




01^ 






DANA 


200035 


0 


200049 


TRANS 








2N3417 






OF 2N3417 


' 1 1 7 


2 01)043 


TRANS 


SILICU 


NPN 




2N35^i5 






FAIRCHILD 


2N3565 


I'll: f 1 


OZOlftft 


RES 


WW 


10 


K 


.05% 


1/fi 


w 


JUKDAN 


LR-11 


R02 


020379 




















t.£'3 


040050 


RES 


VARl 


5 


K 


10% 


1/2 


H 


BOURNS 


30ft7-P-l-KC) 




000203 


RES 


CARBON 


20 


K 


5% 


1/4 


W1 


□HMITE 


RCU7GF203J 


ft 05 


000101 


RES 


CARBON 


100 


OHM 5» 


1/4 


HI 


OHMITE 


RC07GF101J 


R06 


010079 


RES 


METAL 


7*5 


K 


IX 


1/4 


W1 


ELECTRA 


RN60D7501F 


R07 


040004 


RES 


VARl 


100 


K 


10%' 


1/5 


W 


BOURNS 


306H-P-1-10 



ft Oft 


020166 


RES 


MW 


10 K 


• 05% 


1/8 


H 


JORDAN 


LH-ll 


ftn<? 


010167 


RES 


METAL 


442 K. 


1% 


1/4 


HI 


ELECTRA 


RN6004423F 


RIO 


020166 


RES 


WW 


10 K 


• 05% 


1/e 


H 


JORUAN 


LR-11 


Kll 


040050 


RES 


VARl 


5 K 


10% 


1/2 


¥ 


BOURNS 


306/-P-l-Kn 


ftl2 


001713 


RES 


FSV 




5% 


1/4 


H 


DANA 001713 


«13 


010158 


RES 


METAL 


200 K 


1% 


1/4 


HI 


EieCTRA 


RN60D2003F 




01028? 


RES 


METAL 


140 K 


1% 


1/4 


W 


IRC 


kNft0C1403F 


R15 


001713 


RES 


FSV 




5% 


1/4 


H 


DANA 001/13 


Rl^ 


010158 


RES 


METAL 


200 K 


IX 


1/4 


Hi 


ELECTRA 


RN60li2UO3F 


H17 


000102 


RES 


CARBON 


1 K 


5X 


1/4 


HI 


OHMITE 


RC07GF102J 


P 1« 


010167 


RES 


METAL 


442 K 


1% 


1/4 


Ml 


FLFCTKA 


«Nftl)i»‘»4^ SF 


R19 


010060 


RES 


METAL 


10 K 


IX 


1/4 


W 


ELECTRA 


KN60UUiu2F 


R20 


010039 


RES 


METAL 


9.09 K 


1% 


1/4 


H 


FLftCTPA 


KMftOUVD^l F 


P21 


000102 


RES 


CARBON 


1 K 


5% 


1/4 


HI 


OHMITE 


KLIJ 7GF 1D 7 j 


R?? 


010167 


RES 


METAL 


442 K 


1% 


1/4 


HI 


ELECTRA 


RN60f)4423F 


ft?3 


000203 


RES 


CAMeON 


20 K 


5% 


1/4 


HI 


OHMITE 


RC07GF203J 
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PARTS LIST 



ASSFMHLV ^f0?036 



REF, 

DESIG. 

R?4 


PART 

NO. 

001712 


RES 


CARBON 


D E S C R 
750 OHM 


1 P T 
5% 


1 U 
l/Z 


N 

w 


□HMITF 


KC20GF75] -J 


R25 


000220 


RES 


CARBON 


22 OHM 




1/4 


W1 


□HhITF 


KC()7GF22tU 


R26 


0O0B20 


RES 


CARBON 


82 OHM 


5* 


1/4 


w 


OHMITE 


RCa7GFB20J 


R27 . 


000101 


RES 


CARBON 


100 OHM 


5% 


1/4 


W1 


OHMITE 


RC07GFiniJ 


R2fi 


000220 


RES 


CARBON 


22 OHM 


5% 


1/4 




fJHMiTF 


KCn7t;H22NJ 


R30 


000220 


RES 


CARBON 


22 OHM 


5% 


1/4 


v\\ 


OHMITF 


KC07GF22I1J 


R31 


oooini 


RES 


CARBON 


100 UHH 


5% 


1/4 


W1 


UHMITF 


rtCUVGFini J 


R3? 


000222 


RES 


CARBON 


2,2 K 


5% 


1/4 




IJHMITE 


RC07GF222J 


R33 


001474 


RES 


CARBON 


6«0 OHM 


5% 


y/2 


W1 


OHMITE 


RC20GF6B1J 


R34 


000103 


RES 


CARBON 


10 K 


5% 


1/4 


W1 


OHMITE 


RCn7GF103J 


R35 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


W1 


OHMITE 


RC07GF153,) 


R36 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


W1 


OHMITE 


RC07GF153J 


R37 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


W1 


OHMITE 


RC07GF153J 


R3R 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


W1 . 


OHMITE 


RC07GF153J 


R39 


OOOR22 


RES 


CARBON 


8.2 K 


5% 


1/4 


W1 


OHMITF 


RCU7GFB22J 


R40 


000303 


RES 


CARBON 


30 K 


5% 


1/4 


W1 


OHMITE 


RC07GF303J 


R41 


000123 


RES 


CARBON 


12 K 


5% 


1/4 


W1 


OHMITE 


RCU7GF123J 


R42 


000A22 


RES 


CARBON 


8.2 K 


5% 


1/4 


W1 


OHMITE 


RC07GFH22J 


R43 


000303 


RES 


CARBON 


30 K 


5% 


1/4 


Wl 


OHMITE 


RCU7GF303J 


R44 


000123 


RES 


CARBON 


12 K 


5% 


1/4 


W1 


OHMITE 


KC07GF123.I 


R45 


000163 


RES 


CARBON 


16 K 


5% 


1/4 


Wl 


OHMITE 


RCU7GF163.1 


R46 


000102 


RES 


CARBON 


IK 


5% 


1/4 


WL 


OHMITE • 


RCU7GF102J 


R47 


000105 


RES 


CARBON 


1 M 


5% 


1/4 


Wl 


OHMITE 


RC07GF105J 


R48 


000S22 


RES 


CARBON 


6.2 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF822J 


R49 


040003 


RES 


VAR I 


20 K 


lot 


1/2 


w 


BOURNS 


3067-P-1-2U 


R50 


000622 


RES 


CARBON 


8.2 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF822J 


R52 


000563 


RES 


CARBON 


56 K 


5% 


1/4 


w 


OHMITE 


RC07GF563.J 


R53 


000273 


RES 


CARBON 


27 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF273J 


R54 


000273 


RES 


CAilBON 


27 K 


5* 


1/4 


Wl 


OHMITE 


RC07GF273J 


R55 


000163 


RES 


CARBON 


16 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF163J 


R56 


000104 


RES 


CARBON 


100 K 


5% 


1/4 


Wl 


OHMITE 


RCOTGFIO^J 


R57 


000163 


RES 


CARBON 


16 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF 163J 


R58 


000153 


RES 


CARBON 


15 K 


5% 


1/4 


Wl 


OHMITE 


RC07GFI53J 


R59 


000123 


RES 


CARBON 


12 K 


5% 


1/4 


Wl 


OHMITE 


RC07GF123J 


R60 


000202 


RES 


CARBON 


2 K 


5% 


1/4 


Wl 


OHMITE 


RCU7GF202J 


R61 


000431 


RES 


CARBON 


430 OHM 


5% 


1/4 


Wl 


OHMITE 


RC07GFA-31J 


R62 


000202 


RES 


CARBON 


2 K 


5% 


1/4 


Wl 


OHMITE 


RCQ7GF202J 


RA3 


000622 


RES 


CARBON 


8.2 K 


5 % 


1/4. 


Wl 


OHMITE 


RCQ7GF822J 
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PAKTS LIST 



ASSEMBLY 4^0^551 
RFF. PART 



IlFSlfi. 


NU, 






0 E S C R I P T 1 


[ 0 N 






CRl 


2110R3 


DIODE 


SILICO 


OIR 


1 


DANA 


211083 


CRR 


2110B3 


DIODE 


siLicn 


018 


1 


DANA 


211083 


CR3 


2110R3 


DIODE 


SILICO 


OIB 


1 


DANA 


211083 


CR4 


2110R3 


DIOOF 


SILICO 


018 


1 


DANA 


211083 


CR5 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR6 


211083 


DinOE 


SILICO 


018 


1 


DANA 


211083 


CR7 


211083 


DIClOE 


SIL ICD 


018 


1 


DANA 


211083 


CR8 


211083 


DIDDE 


SILICO 


018 


1 


DANA 


211083 


CR9 


211083 


DIODE 


SIL ICD 


018 


1 


DANA 


211083 


CRIO . 


2110R3 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CRll 


2 1 1083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR12 


211083 


DIODE 


SILICO 


018 


1 


DANA 


2110S3 


CR13 


21000A 


DIODE 


SILICO 


SDA 




DiGDES IN 


SDA 


CR14 


21CJ004 


DIODE 


SILICO 


SDA 




DIODES IN 


SDA 


CR15 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CRlfS 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRl 7 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRlfi 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR19 


211238 


DIODE 


SILICO 


007 




DANA 


211236 


CR20 


211236 


DIODE 


SILICO 


007 




DANA 


211236 



CR2 t 


221254 


DIODE 


SILICO 


ZENER 


LN961A 




1 


MOTOROLA 


1N961A 


CR22 


221254 


DIODE 


SILICO 


ZENER 


1N961A 




1 


MOTOROLA 


1M961A 


Cl 


101641 


CAP 


CERAM 


470 


PFD 500 


V 


loasi 


AEROVOX 


SCD1X5F 


C2 


121473 


CAP 


MYLAR 


.0015 


NFD 100 


V 


io^*;i 


CDE 


WMF1SA7 


C3 


110001 


CAP 


TANTA 


6.8 


MFD 35 


V 


10^1 


kemet 


K6K8C35 



CA 


121473 


CAP 


MYLAR 


.0015 


MFD 


100 


V 


lOXl 


CDE 


WMF1S47 


C5 


1 10001 


CAP 


TANTA 


6.8 


MFD 


35 


V 


10*1 


KEMET 


K6RHC35K 


C6 


101641 


CAP 


CERAM 


470 


PFD 


500 


V 


10*1 


AEROVOX 


SC01X5F 


C7 


120094 


CAP 


POLYS 


.0061 


MFD 


500 


V 




CRL 


CPR-5100J 


FI 


920064 


FUSE 




.1 


AMP 








BUSS 


BMW 1/10 



E*F2FUS 


920280 






*5 AMP 




MICROFUSF 






K1 


310013 


RELAY 


REED 


SPST 


2AV 


1 


viheelock 


2961A 


Xft 


K2 


310013 


RELAY 


REED 


SPST 


2AV 


1 


WHEELGCK 


2961A 


X6 


K3 


310013 


RELAY 


REED 


SPST 


2AV 


1 


WHEELDCK 


2961A 


X6 


KA 


310013 


RELAY 


REED 


SPST 


2AV 


1 


WHEELOCK 


2961A 


X6 



01 


200035 


TRANS 


SILICO 


NPN 


OlA 


DANA 


200035 


02 


200035 


TRANS 


SILICO 


NPN 


OlA 


DANA 


200035 


03 


200035 


TRANS 


SILICO 


NPN 


OlA 


DANA 


200035 
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PARTS LIST 



ASSeWBLY 

ntsiG. 

OS 



Qh 

01 

OH 

010 



on 
01 ? 
01 ^ 
KH 



f/ 1 n 
K U 
Rl? 
R13 
KIA 



kl3 
Rl^> 
R17 
RIB 
k 19 



p?() 

R21 

«2? 

R?3 

R?A 



R2S 

R26 

R?7 

H2H 

R29 



W30 

M31 

R32 

W33 

KH4 



R3S 



402551 



PART 

N0» 



ObSCKlPTlUN 



200035 TRANS S It ICO NPN 014 

201084 TRANS GERMAN PNP 2N1304 



DAWA 2000HS 

T1 2M1304 



200036 TRANS SILICO NPN 015 

200040 TRANS SILICO NPN 016 

200040 TRANS SILICO NPN 016 

200043 TRANS SILICO NPN 2N3565 

200043 TRANS SILICO NPN 2N3565 



DftNA 

DANA ;>o()((A0 

DANA ?l)OO40 

FAIKCHILU ?N’i'yh<3 
FAIRCHILD 2N3bAt> 



200043 

200022 

200052 

000473 

010339 



TRANS SILICO NRN 2N3565 

TRANS SILICO PNP 012 

TRANS SILICO PNP 009 

Res CARBON 47 K 5* 

RES METAL 10.104 MEG .1* 



FAIRCHILD 2iM35#»5 
DANA 200D22 

DANA 200052 

1/4 Wl DHMITF RCD7(iF473J 

1 w PYRnH'.P RHF75 



000103 

01033B 

020403 

020399 

020400 



RES 

RES 

RES 

RES 

RES 



CARBON 10 K 5* 1/4 Wl 

METAL 1 meg 1* I W 

WW 201.0 K .1* 1/8 W 

WW 20.153 K .1* l/B W 

MM 2.0088 K .1* 1/8 W 



OHMITF 

PVROFILM 

JORDAN 

JORDAN 

JORDAN 



RCI)7GF103J 

PMF75 



Jll 

Jll 

Jll 



040004 


RES 


VARI 


100 


K 


020401 


RES 


MM 


10^34 


K 


020386 


RES 


MW 


10 


K 


040066 


RES 


VARI 


1 


K 


04U0B4 


RES 


VARI 


200 


OHM 


040055 


RES 


VARI 


500 


K 


010158 


RES 


METAL 


200 


K ^ 


000432 


RES 


CARBON 


4*3 


K 


000511 


RES 


CARBON 


510 


OHM 


000103 


RES 


CARBON 


10 


K 



000681 


RES 


CARBON 


680 OHM 


010139 


^ES 




^ 50 H 


040004 


RES 


VARI 


100 K . 


010039 


RES 


METAL 


9.0<^ K - 


010236 


RES 


WW 


10 MEG 


040059 


RES 


VARI 


1 M 


010236 


RES 


WW 


r 10 MEG 


010236 


RES 


WW 


10 MEG 


000513 


RES 


CARBON 


51 K 


010158 


RES 


METAL 


200‘ K 


000202 


RES 


CARBON 


2 K 



10% 


1/5 


W 


BOURNS 


3068-P-1-10 


.1% 


1/8 


\rt 


JORDAN Jll 




.1% 


1/8 


W 


JORDAN Jll 




10% 


1/4 


W 


BOURNS 


2/1-P-1-166 


\0% 


1/2 


W 


BOURNS 3067P-1-20 


10% 


1/5 


w 


BOURNS 


3068-P-1-5O 


1% 


1/4 


Wl 


Electra 


RN60D2003F 


5% 


1/4 


Wl 


OHMITE 


RC07GF432J 


5% 


1/4 


Wl 


OHMITE 


RC07GF51U 


5% 


1/4 


Wl 


OHMITE 


RCU7<iF103J 


5% 


1/4 


Wl 


OHMITE 


KC07GF8B1J 


2% 


1/4 


Wl 


PVROFILM 


PFR6627 


10%" 


1/5 


w 


BOURNS 


306R-P-1-10 


1% 


1/4 


w 


ELECTRA 


RN60D9091F 


1% 


1 


Wl 


PMF 


PMF70T2 


10% 


1/5 


w 


BOURNS 


306B-P-1-10 


1% 


1 


Wl 


PMfc 


PME70T? 


1% 


1 


Wl 


PME 


PME70T2 


5% 


1/4 


Wl 


UHMITE 


RCn7GFS13J 


1% 


1/4 


Wl 


ELECTRA 


RNADD2O03F 


5% 


1/4 


Wl 


OHM 1 T E 


RC07GF202J 
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HARTS LIST 



ASSEMBLY 40?55l 



REFo 


PART 








DFSIG. 


NH. 






0 E S 


R36 


000513 


RES 


CARBON 


51 


R37 


000151 


RES 


CARBON 


150 


R38 


000151 


RES 


CARBON 


150 


R39 


000473 


RES 


CARBON 


47 



R40 


000152 


RES 


CARBON 


1*5 


R41 


000202 


RES 


CARBON 


2 


R42 


OOOH22 


RES 


CARBON 


8.2 


R43 


020119 


RES 


WW 


6H0 


R44 


000332 


RES 


CARBON 


3.3 



R45 


000101 


RES 


CARBON 100 


R48 


001713 


RES 


FSV 


R47 


001713 


RES 


FSV 


R4B 


001713 


RES 


FSV 


R49 


001713 


RES 


FSV 



R50 


001713 


RES 


FSV 




R51 


001713 


RES 


FSV 




R52 


020402 


RES 


WW 


115 


R53 


001713 


RES 


FSV 





C K 1 H T 


I 0 


N 






K 


bX 


1/4 


W1 


(IHMITf: 


KCO70H513.) 


OHM 




1/4 


W1 


OHM I T B 


RCOYGHIMJ 


OHM 


5% 


1/4 


wl 


(THMlTt- 


KC07Gt-151J 


K 




1/4 


W1 


OHM I T H 


HCri7l',H47:i.J 



K 


5% 


1/4 


Wl 


OHMn> 


WC07f.F152.) 


K 


b% 


1/4 


Wl 


ohm 1 T t 


HC(t7(;F?0?J 


K 


bX 


1/4 


Wl 


OHMII h 


HC07GFH22.I 


OHrt 


\X 


1/2 


Wl 


CF ItLFC 


M-20 


K 


5X 


1/4 


Wl 


OHMITF 


HC07GF332J 



OHM 5% 


1/4 Wl 


OHMITH 


KCO7RF101J 


5% 


1/4 W 


DANA 


001713 


5X 


1/4 W 


DANA 


001713 


5X 


1/4 W 


DANA 


001713 


5X 


1/4 W 


DANA 


001713 



5^ 


1/4 


W 


nANA 


001713 


5% 


1/4 


W 


DANA 


001713 


K *IX 


1/8 


w 


JURUAN 


Jll 


5SK 


1/4 


w 


DANA 


001713 
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pakts list 



ASSPMRLY - PC Board Assembly « Function Indicator 



Rff. 


PART 












npsir.* 


M(). 






I) p s c k 1 P T I n fs» 






nsi 


W?()M6 


LAWP 


MtON 




GE 


MPG-2S0-3 


ns? 


<^201 


LAMP 


NfellN 


NE-?H 


G E 


MPG-250-3 


)>sn3 


‘J20] ] h 


lamp 


NFON 


KiF“?H 


n p 




nso4 


V?0] 1 h 


LAMP 


NItON 


NP-?H 


(; fc: 




0S05 


‘i?01 1(S 


LAMP 


NFDN 


Nh-?H 


i'y h 


MRr;2r>o-3 



nso<s 


000473 


LAMP 

RES 


NEON 

CARRON 


47 


NP-?H 

K 


5X 


1/4 


Wl 


(; E 

OHMj TE 


MRft2t>0-3 

«COy<iE473J 


RA7 


000473 


RES 


CARRON 


47 


K 




1/4 


W1 


ohm IT E 


RC07GE473J 


RAH 


000473 


' RES 


CARBON 


47 


K 




1/4 


Wl 


OHHl TE 


HC0Y(iE473.J 


RA9 


000473 


RES 


CARBON 


47 


K 




1/4 


Wl 


OHMITE 


RC07(4E473J 





000473 


RES 


CARBON 


47 K 


bt 


1/4 


Wl 


OHmITE 


RC07(,;E473J 


RSI 


000473 


RES 


CARBON 


47 K 




1/4 


Wl 


OHMITE 


RC07GE473J 









PARTS 


LIST 










ASSEhHLY 


402SPO 
















kef. 


PART 
















OESIO. 


NO. 




D 


E S C R 


I P T I 


0 N 






Cl 


110041 


CAP 


ELECT 


250 MFD 


6 V 


20* 


DUCAT 1 


250-6 


CRl 


210004 


DIODE 


siLicn 


SD4 






1)1 ODES IN 


SD4 


CK? 


210004 


DIODE 


SILICU 


SU4 






DIODES IN 


SD4 


CK3 


210004 


DIODE 


SILICO 


SD4 






OIOOES IN 


SD4 


R1 


001107 


RES 


CARBON 


39 K 


5* 


1 w 


OHMITE 


KC32f;F393J 



R? 


00169B 


RES 


CARBON 


20 


K 


5* 


1 


W 


OHMITE 


KC32GF203J 


R3 


000224 


RES 


CARBON 


220 


K 


5* 


1/4 


Wl 


OHMITE 


RCn7GF2?4J 


R4 


001107 


RES 


CARBON 


39 


K 


5* 


1 


w 


OHMITE 


RC32C;F393J 


R5 


00169B 


RES 


CARBON 


20 


K 


5* 


1 


w 


OHMITE 


RC32GF203vl 


R6 


030005 


RES 


CARBON 


100 


K 


5% 


2 


w 


OHMITE 


RC42GF104J 



»7 


030005 


RES 


CARBON 


100 K 


5* 


2 


W 


OHMITE 


KC42GF104J 


RH 


030005 


RES 


CARBON 


100 K 


5* 


2 


W 


OHMITE 


RC42GF104J 


K9 


030012 


RES 


CARBON 


130 K 


5* 


1 


w 


OHMITE 


RC32GF134J 


R1(J 


030012 


RES 


CARBON 


130 K 


b% 


1 


w 


OHMITE 


KC32GF134J 


R 11 


03001? 


RES 


CARBON 


130 K 


b% 


1 


w 


OHMITE 


RC32GF134J 



K 1 ? 


000914 


RES 


CARBON 


910 


K 


5* 


1/4 


W 


OHMITE 


RC07GF914J 


K13 


000914 


RES 


CARBON 


910 


K 


5% 


1/4 


W 


OHMITE 


RCD7GF914J 


kl4 


000914 


RES 


CARBON 


910 


K 


b% 


1/4 


w 


OHMITE 


RCU7GF914J 


R15 


000914 


RES 


carbon 


910 


K 


5% 


1/4 


w 


OHMITE 


RC117GF914J 


R16 


000914 


RES 


CARBON 


910 


K 


5% 


1/4 


w 


OHMITE 


RC07GF914J 



P17 


000914 


RES 


CARBON 


910 K 


5* 


1/4 W 


OHMITE 


kC07r>E9l4J 


RIB 


000914 


RES 


CARBON 


910 K 


5* 


1/4 W 


OHMITE 


RC07GE914J 




kAKlb LIST 



ASSbMHLY 400ftSl 



8tF » 


PART 






• )hS3 0, 


♦MO • 






i,H\ 


2110R3 


niuut 


siLicn 


C82 


211083 


01 DOE 


siLicn 


CK3 


211083 


moot 


SI Lien 


CR4 


211083 


DIODE 


SILICO 




211083 


DIODE 


SILICIJ 





?nriM3 


DIUOE 


SfLICO 


CRY 


?110H3 


DIODE 


SILICO 


C.W8 


21 in«3 


DIODE 


SILIC(i 


CRS 


2110^3 


DIODE 


SILICO 


CRIO . 


211083 


DIODE 


SILICO 



CKl 1 


21 1083 


ninoE 


SILICO 


CW12 


211083 


DIODE 


SILICO 


r.« 1 3 


211083 


DIODE 


SILICO 


rw 14 


211083 


ninoE 


SILICO 


CK15 


211083 


ninoE 


SILICO 



CR18 


211083 


DIODE 


SILICO 


CKI 7 


211083 


DIODE 


SILICO 




211083 


DIODE 


SILICO 


CRIS 


211083 


oinoE 


SILICO 


CR20 


211083 


DIODE 


SILICO 



Ck21 


2110R3 


DIODE 


SILICO 


CR22 


2110R3 


DIODE 


SILICO 


C823 


2110R3 


DIODE 


SILICO 


CR24 


211083 


DIODE 


SILICO 


CM23 


211083 


DIODE 


siLicn 



CR38 


211083 


niooe 


SILICO 


CR37 


21 1083 


DIOOF 


SILICO 


CR38 


211083 


DlODfc 


SILICO 


CK39 


211083 


DIODE 


SILICO 


CR40 


211083 


DIODE 


SILICO 



CR4I 


211083 


DIODE 


SILICO 


CR42 


211083 


DIODE 


SILICO 


CR43 


211083 


DIODE 


SILICO 


CH44 


211083 


DIODE 


SILICO 


CR4S 


211083 


DIODE 


SILICO 



CRAft 


211083 


DIODE 


SILICO 


CB47 


2110R3 


DIODE 


SILICO 


CR4R 


2110R3 


DIODE 


SILICO 



0 H S C I H T I 0 N 



018 


1 


DANA 


018 


1 


DAWA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 



018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 



018 


1 


DANA 


018 


1 


DANA 


OlH 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 



018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 



018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


1>ANA 


018 


1 


DANA 



018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 



018 


1 


DANA 


018 


1 


DANA 


018 


1 


DANA 



2110H3 

2110H3 

2110H3 

2110H3 



?110h3 

2110R3 

2110H3 

2110H3 

2110H3 



2110R3 

2U0K3 

211083 

211083 

2110H3 



211083 

2110H3 

211083 

211083 

211083 



211083 

211083 

2110B3 

211083 

211083 



211083 

2110R3 

211083 

2110B3 

211083 



2110R3 

211083 

2110R3 

211083 

211083 



211083 

211083 

211083 
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HARTS LIST 



ASSEMBLV 400R91 
KtH. * HART 

npsiG. NO. description 

a ■■ ■ 



COl 


• 100012 


CAP 


CERAM 


33 


PFO 500 V 


10* 


AEROVOX 


TCIJ-N750 


001 


^ 200037 


TRANS 


SILICO 


nPn 










EAIkCHRD 


?N344fi 


00 ? 


200037 


TRANS 


SR ICO 


NPM 










EAIRCHRO 


?lvl3^46 




200035 


TRANS 


SRICU 


NHN 




014 






DANA 


?000H^ 


ROl 


000122 


RES 


CARBON 


1.2 


K 




1/4 


W1 


OHMITE 


HCOYOHl??.) 


KO? 


000153 


RES 


carbon 


IS 


K 


5% 


1 /4 


Wl 


OMMI TE 




R03 


000122 


RES 


CARBON 


1.2 


K 


5% 


1/4 


HI 


OHMITE 


KCn/r,hi??J 



K04 


000153 


RFS 


CARBON 


15 


K 


bt 


1/4 


HI 


1 IHM I T E 


PCn7n*^l S3.) 




onn?43 


RES 


CARHCIN 


24 


K 


bt 


1/4 


Wl 


OHMITE 


kChY(7h243J 




000273 


RES 


CARBON 


27 


K 


b% 


1/4 


HI 


OHMITE 


kCMYni-?Y3J 


«u 


000204 


RFS 


CARBON 


200 


K 


b% 


1/4 


H 


OHMITE 


RCnYG*i204J 


Rl? 


000103 


RES 


CARBON 


10 


K 


b% 


1/4 


Ml 


OHnI TE 


kCnY(7f-l03J 


^ 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


kcriYr^i^ioHJ 


K 1 4 


00169f^ 


RES 


CARBON 


20 


K 


bt 


1 


H 


OHMITE 


kC32Uf-203J 


R15 


001107 


RES 


CARBON 


39 


K 




1 


W 


(iHWiTf 


kC3?Gl^393J 


P 1 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


kCnYnf-lt)3J 


KlY 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


kCn7U)^)o3xi 


p 1 p 


000103 


RES 


CARBON . 


10 


K 


5% 


1/4 


Wl 


OHMITE 


kCnYGFl(i3J 


k U) 


001107 


RES 


CARBON 


39 


K 


5% 


1 


w 


OHMITE 


kC3?0F393J 


K?0 


001A9R 


RES 


CARBON 


20 


K 


5^ 


1 


M 


OHMITE 


PC32C.F203J 


P?1 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


kCMYr,Flo3J 


P?? 


000103 * 


1 RES 

-> ■ 


CARBON 


in 


K 


5% 


1/4 


Wl 


OHMITE 


RC07r,F!03J 


R?3 


*0i#5l03 ' 


Ies 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


RCn7r,F103J 


R?^ 


000103 


RES 


CARBON 


- 10 


K 


5t 


1/4 


Wl 


OHMITE 


RCIiYf;Fl03J 


•"?‘5 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


Wl 


OHMITE 


RC0YC>K1U3J 


R?6 


000103 


RES 


CARBON 


lb 


K 


b% 


1/4 


Ml 


OHMITE 


RC)iYaFl03J 


R?7 


000223 


RES 


CARBON 


22 


K 


b% 


1/4 


w 


OHMITE 


kCM7GF723J 





000223 


RES 


CARBON 


22 


K 


5X 


1/4 


w 


OHMITE 


RC07(;F223J 


k29 


000223 


RES 


CARBON 


22 


K 


5 % 


1/4 


w 


OHMITE 


RCn7r,F223.I 


k3f) 


000223 


RES 


CARBON 


22 


K 


5* 


1/4 


w 


OHMITE 


RC07GF223J 


kil 


000AB3 


RES 


CARBON 


48 


K 


5« 


1/4 


Wl 


OHMITE 


RCn7GF6B3J 


K32 


000S63 


RES 


CARBON 


56 


K 


5* 


1/4 


w 


OHMITE 


BCn7GE563J 


R33 


000473 


RES 


carbon 


47 


K 


5* 


1/4 


Wl 


OHMITF 


RC07GF47 i.l 


k34 


000473 


RES 


CARBON 


47 


K 


SS 


1/4 


Wl 


OHMITE 


KCti7GF47 3J 


H 35 


000473 


RES 


CARBON 


47 K 


5* 


1/4 


Wl 


OHMITE 


RC07GF473J 


k34 


000473 


RES 


CARBON V 


47 


K 


5X 


1/4 


Wl 


OHMITE 


RC07GF473x» 


k37 


000473 


RES 


CARBON 


47 


K 


S« 


1/4 


Wl 


OHMITE 


RC07GF473J 


k3H 


000204 


RES 


CARBON 


200 


K 


5* 


1/4 


w 


OHMITF 


RC07GF204J 
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PARTS LIST 



asSPmhly 40nsg/> 



Rl-h • 


PART 
















OFSIG* 


M(1 . 






D E 


SCRIPT 


I 0 N 






CKl 


2110B3 


DIODE 


siLicn 




01 H 


1 


DANA 


2110R3 


CR2 


2110H3 


DIODE 


SILICU 




OIR 


1 


DANA 


2110R3 


001 


200037 


TRANS 


SILICO 


NPN 


2N3646 




(-A1KCHILU 2N364A 


U02 


200055 


TRANS 


SILICO 


NPN 


FSV 




DANA 


2000t)5 


003 


2000A7 


TRANS 






PNP 


019 


DANA 


200047 



ROl 


000473 


RES 


CAROUN 


47 


K 


b% 


1/4 


Wl 


UHMI TE 


r<CJ)7GF4nJ 


RO? 


000133 


RES 


CARrtON 


13 


K 


bX 


1/4 




tJHNlTF 


RC(i7GF133J 


R03 


000753 


RES 


CARBON 


73 


K 


bX 


1/4 


w 


UHhITE 


KCU7GE733J 


ROA 


000204 


RES 


CARBON 


200 


K 


bX 


1/4 


Vi 


GHMITE 


RCU7GF204J 


R0^> 


010033 


RES 


METAL 


49.9 


K 


It 


1/4 


w 


ELECTRA 


RN40D4992F 



R4 


000104 


RES 


CARBON 


100 


K 


bX 


1/4 


Wl 


OHMITE 


RCU7GM04J 


R07 


000104 


RES 


CARBON 


100 


K 


bX 


1/4 


Wl 


OHMITE 


RC07GF104J 


ROR 


000204 


RES 


CARBON 


200 


K 


b% 


1/4 


W 


OHNITE 


RCn7GF204J 


R09 


010290 


RES 


METAL 


180 


K 


1% 


1/4 


w 


ELECTRA 


KN40ni803F 


RIO 


020078 


RES 


WH 


30 


K 


.IX 


1/8 


w 


JORDAN 


J-11 



Rll 


010291 


RES 


METAL 


100 


K 


.2b% 


1/2 


W 


PYROFILM 


PME65T100K 


R12 


010291 


RES 


METAL 


100 


K 


.2bX 


1/2 


W 


PYRDFILm 


PM663T100K 


R13 


010292 


RES 


METAL 


200 


K 


.2bX 


1/2 


w 


PYkUFILM 


PMF451200K 


R14 


020121 


RES 


WW 


180 


K 


.1% 


1/B 


w 


JORDAN 


J-11 


R15 


021103 


RES 


WW 


50 


K 


.05% 


1/4 


w 


KELVIN 


6P-21 



R14 


020242 


RES 


ww 


100 


K 


.05X 


1/4 


W 


JUROAN 


J12 


R17 


020242 


RES 


ww 


100 


K 


.05* 


1/4 


W 


JORDAN 


J12 


R18 


020243 


RES 


ww 


200 


K 


• 05SP? 


1/4 


w 


JORDAN 


J12 


R19 


000203 


RES 


CARBON 


20 


K 


b% 


1/4 


Wl 


OHMITE 


KCH7G 




ASSl-MHLY 40()H^2 - PC Board Assembly - Null Detector 



KFF * 


PART 














DFSir, . 


ND . 






D F S C K I H T 1 


1 El M 






CRl 


21 ] HH3 


DlUOfe 


stucu 


(U« 


1 




21 lOHfS 


C«? 


21 L0F3 


DIfJDF 


siLicn 


OlH 


1 


I3A1SJA 


2 1 lion 


CK? 


21 in»3 


flinOF 


SR ICO 


01 H 


1 


fJANA 


21 10P3 


CR4 


21 10H3 


Dinoe 


SI Lien 


01 H 


1 


DANA 


21 IOH'3 


CK'j 


2 1 ina3 


OIUDt 


SILICU 


Olfi 


L 


DAnA 


2 t lURa 



C«f> 


21 10F13 


ninoF 


SILICU 


OlH 


1 


OAMA 


21 1 (IM -5 


CH7 


7] 10H3 


DIDDE 


SILICU 


018 


1 


DANA 


21 1 OH 3 


CkH 


211083 


DIDDF 


SILICU 


OIR 


1 


DANA 


21 1 (143 


CkV 


2 11083 


(JIODF 


SILICU 


OlH 


i 


DANA 


2 1 1 OHl-j 


Ck 10 


?2000A^ 


DIODE 


SILICU ZENER 


1N9MB 


1 


HI ITDRDLA 


1N4M 4 



CRl 1 


?1 1083 


DIQDe SILICn 




OlH 






] 


DANA 


2110H3 


COl 


110047 


-CAP FLFCT 


50 


hFf.i 


50 


V 


20^ 


DUCAT I 


5n-5f» 


CO? 


110047 


CAP ELECT 


50 


MFD 


5(f 


V 


20X 


DUCAT I 




C03 


110043 


CAP ELECT 


25 


MFIJ 


25 


V 


" 70 't 


DUCAT I 


25-25 


COA 


101175 


CAP CERAH 


220 


PFD 


500 


V 


lOXl 


AtKDVUX 


SCni X5E 



r,(is 


110043 


CAP 


ELECT 


25 


MFD 


2 5 


V 


20^ 


DUCAT 1 


25-25 


C()H 


101H42 


CAP 


CERAM 


150 


PFD 


500 


V 


lO^l 


AFkUVUX 


SCD2X5E 


Cfi7 


110043 


CAP 


ELECT 


25 


MFD 


25 


V 


?A17^ 


DUCAT 1 


25-25 


COH 


110017 


CAP 


TAmTA 


1 


MFD 


35 


V 


10X1 


KEi-iET 


K1C.35K 


COD 


111097 


CAP 


ELECT 


50 


MFD 


50 


V 


20%1 


SPH A(;UE 


1 El 3^17 



CIO 


111097 


CAP 


ELECT 


•iO 


M F D 5 0 V 


20^1 


SPKACDE TF130Y 


C^ 1 


121092 


CAP 


MVLAR 


.0022 


MFD ion V 


10% 


CDF WMhli)22 


uni 


2f)0037 


TRANS 


SILICU 


NPN 


2N3E.48 




PAtkCM[LI) 2 ' 4 


r.i 02 

DJ)3 


200054 

200057 


TTRANS 

TRANS 


SILICU 


NPN 


ESV 

PNP 


019 


DANA 200044 

DANA ?000(S7 



(P04 


200037 


TRAMS 


SILICU NPN 


2N3646 


FAIRCHILD 2N3H4H 


00^> 


200054 


TTRANS 


SILICU NPN 


FSV 


DANA 


200054 


OOH 


200035 


TRANS 


SILICU NPN 


014 


DANA 


200035 


00 7 


200011 


TRAMS 


SILICU PMP 


00 9 


DANA 


200011 


oriH 


200036 


TRANS 


SILICU NPN 


015 


DANA 


200036 



Q09 


200040 


TRANS 


SILICO 


NPN 


016 


DANA 


2(10040 


aio 


200037 


TRANS 


SILICG 


NPN 


2N36A6 


FAIRCHILU 


2 M 3646 


Dll 


200037 


TRANS 


SILICO 


NPN 


2N364A 


FAIRCHILD 


2N3646 


01? 


200037 


TRANS 


SILICU 


NPN 


2N3646 


FAIRCHILD 


2N3646 


013 


200037 


TRANS 


SILICO 


NPN 


2N3646 


FA IRCHILD 


2M3646 



014 


200022 


TRANS 


SILICU 


PNP 


012 


DANA 


20002? 


015 


200037 


TRANS 


SILICO 


NPN 


2N3646 


FAIRCHILD 


2N364H 


016 


200037 


TRANS 


SILICO 


NPN 


2N3646 


FAIRCHILD 


2M364h 
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PARTS LIST 



ASSHHHLY 400R92 > PC Board AsMably - Null Datootor 

KH-. PART 

nFSlG, NO, D e S C R I P T 1 0 N 

017 200043 TRANS SILICO NPN 2N3S65 FMKCHllU 



ROl 


000473 


RfcS 


CARBON 


47 


RO? 


00t)l?3 


RfcS 


CARBON 


12 


K03 


000^63 


RES 


CARBON 


56 


R04 


000473 


RES 


CARBON 


47 




000?03 


'.RES 


CARBON 


20 


R06 


OOQR23 


RES 


CARBON 


B2 


R07 


04^004 


RES 


VARI 


100 


HOB 


026244 


RES 


ww 


MATCH 


R09 


020123 


RES 


WN 


10 


«in 


020334 


RES 


ww, . 


4B97.4 


Kll 


020244 


RES 


WW 


MATCH 



K 1 ^ 


000102 


RES 


CARBON 


1 


•< 1 3 


000102 


RES 


CARBON 


1 


R 14 


OOOlO? 


RES 


CARBON 


1 


Rib 


000102 


RES 


CARBON 


1 


R16 


000516 


, RES 


CARBON 


51 




^ V . 

I/* i’ -' 

* ■ * '' 




' - 




R17 


020244 ’ 


RES 


MN 


MATCH 


RIR 


000201 , 


RES 


CARBON 


,200 


k IQ 


00020l<> - i 


V, >^«es 






R20 


020244 » 


RES 


WM ' 


NATCH 


R21 


000622,1. 


> RES 

• V 


CARBI^ 


''^•2 


R2? 


0101^7 ' 


/. . ,R€S 






R23 


,020244 


• RES-, . 




MATCH 


R24 


040005 • 


RES 


ymi , 


,10 


R25 

R26 


O1O205. 









R27 


.010167 


RES 


.METAL 


. 442 


R2R 

R?9 


021^244 


RES' 






R30 


000225 


RES 






R31 


000104 


RES 






R3P 


000114 - 


RES 


CARBON 


110 


R33 


001 Til 


RES 


FSV 




R34 


6^11244 








R35 


no0lO4 ]■.% 


;SiS 






R36 


Opf225 


HES 






R37 


000331 


RES 




■P0my 



K 




1 /4 


VJl 


UHMl 1 F 


kUI ^f,F'* f l.l 


K 


5* 


1/4 


W1 


HHM! TF 


HCU KiFl 2 .1.1 


K 


5* 


1/4 


W 


UHMl TF 


K(:H7(.F‘i4.-JJ 


K 


b% 


1/4 


wi 


flHM! TF 


Hf,n/(,F4M,I 


K 


5% 


1/4 


Wl 


J»HM1 IF 


HU) M.F2(I1J 


K 


5* 


1/4 


wi 


OHM! Tb 


kC(I7(.Fh2-J-I 



K lOU 


1 / b w 


BUURNS 


3f)5M-P-l-l 


SfcT 




DANA 


020244 


K .01* 


l/H VJ 


JUKDAN 


.m 


OHM ,05* 


1/H M 


JimnAN 


Jii 


SET 




DANA 


020244 



K 


b% 


1/4 


Ml 


UHMlTF 


RCti/OFl02,l 


K 


b% 


1/4 


Wl 


OHM 1 T b 


RCUYGE 102J 


K 


5X 


1/4 


Hi 


riHMITb 


RCn7GF102J 


K 


b% 


1/4 


W1 


OHMlTfe 


RC07GF 102J 


M 


b% 


1/4 




OHM 1 T F 


KCU/OF515J 


j 

SFT 








DANA 


020244 


OHM 


5SK 


1/4 


Wl 


OHMI TF 


RCII«5F201.J 


OHM 


b%. 


1/4 


Ml 


OHM I T t 


RCU7GE2(I1J 


SFT 








DANA 


020244 


K 


5* 


1/4 


Ml 


, -OHMITE 


RC07GP622J 


K ■ 


U 


1/4 


Ml 


ELECTRA 


RN6004423F 


SET 








DANA 


020244 


K 


lOX 


1/2 


M 


BOURNS 


3067-P-1-10 


1^’ 


IX 








RN20X 


K ; 


5x;v 


1/4 


Ml 


OHMITE 


RC07GE123J 


K 


IX 


1/4 


Ml 


ELECTRA 


RN6004423F 


SET 








DANA 


020244 


iex 








DANA 


020244 


M 


5X 


1/4 


M 


OHM I TE 


RC07GE225J 


K 


5X 


1/4 


Ml 


OHMITE 


RCU7GF 104J 



K 5* 1/4 W 


. tlHMlTF 


RCU7GE114J 


5* 1/4 H 


DANA 


001711 


^ 1 ^' Ml 


DANA 


020244 


OHMITE 


RC07GF104J 


H 5t 1/4 W 


OHMITE 


RC07GF225J 


> *. ... ' .. ■/% 


.“.'''OMMITE 


RC07GF331J 
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PARTS LIST 



ASSeMRLV 


A00892 - 


PC Board 


RFF. 


PART 




nesir, . 


NCI. 




R3R 


001711 


RES 


R39. 


020244 


RES 


R40 


000102 


RES 


RA-1 


000302 


RES 


RUZ 


000273 


RES 


R43 


000512 


RES 


R4A. 


001711 


RES 


R45 


020244 


RES 


R46 


000391 


RES 


R47 


0001B3 


RES 


R4fl 


001711 


RES 


R49 


020244 


RES 


R50 


001692 


RES 


RSI 


001711 


RES 


RS2 


020244 


RES 


R53 


001283 


RES 


R54 


001692 


RES 


R55 


001711 


RES 


R56 


020244 


RES 


BS7 


000303 


RES 


RSR 


000124 


RES 


Rb9 


000392 


RES 


RhO 


000101 


RES 


R61 


000101 


RES 


R42 


000201 


RES 


R43 


001711 


RES 


Rft4 


000473 


RES 


R65 


000133 


RES 


B-R65 


000682 


RES 



- PC Board Asaembly - Null Detector 



nescKiPTinw 



FSV 

ww 

CARRON 

CARRON 



CARBDN 

CARRON 

FSV 

wu 

CARRON 



CARBON 

FSV 

CARBON 

FSV 



yw 

CARBON 

CARBON 

FSV 

yy 



CARBON 

CARBON 

CARBON 

CARBON 

CARBON 



CARBON 

FSV 

CARBON 

CARRON 

Carbon 







531 


1/4 i 


4 


MATCH 


SET 








1 


K' 


5% 


1/4 ' 


W1 


3 


K 


535 


1/4 ' 


yi 


27 


K 


5X 


1/4 


W1 


bel 


K 


531 


1/4 


Wl 






531 


1/4 


y 


MATCH 


SET 








390 


OHM 


5% 


1/4 


w 


18 


K 


6% 


1/4 


Wl 






531 


1/4 


w 


MATCH 


SET 








4*7 


K 


631 


1/2 


w 






5% 


1/4 


y 


MATCH 


SET 










K 




1/2 


Wl 


4*7 


K 


5% 


1/2 


w 








1/4 


w 


MATCH 


SET 








30 


K 


S% 


1/4 


Wl 


120 


K 


5% 


1/4 


Wl 


0003 *9 


K 


5% 


1/4 


Wl 


100 


llHM 


bX 


1/4 


Wl 


100 


OHM 


bX 


1/4 


Wl 


200 


OHM 


bX 


1/4 


Wl 






5X 


1/4 


w 


47 


K 


531 


1/4 


Wl 


13 


K 


5% 


1/4 


wi 


6*8 


R 


bX 


1/4 


Wl 



DANA 


001 Yll 


DANA 


020244 


nHMl Th 


pr,ity(;Fi(-2.i 


(IHMlTfe 


kCUV<»F'rOi2J 


DHMlTh 


kCDyfiF^Y-S.! 


(IHrtlTF 


RCn70F5) >.i 


DANA 


001 YU 


DANA 


020244 


DHNITF 


«CIJY0FH9U 


UHMITF 


KCH7GF1H3.I 


DANA 


001 m 


DAN A 


(i202**t- 


UHMI TF 


kC20GF472J 


DANA 


001711 



DANA 


020244 


OHMlTF 


KC2OGF5120 


UHMITt 


HC20GF472.I 


DANA 


001711 


DANA 


020244 


UHN I T E 


KCn7GF303J 


IIHMI TE 


KCD7GF12*J 


(ihmite 


kc(jygf;'!92j 


(IHMl TF 


hcdygfi niJ 


DHNITF 


kcn ci’F ) I'l .1 



DriMl TF 


kCU7GF2(>lJ 


DANA 


001711 


UHHITE 


RCri7GF473J 


QHMITE 


KCllVGFl 33.1 


DHMITE 


RCU7GF6k2J 
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PARTS LIST 



ASS(=M6LV 


400R94 














REF. 


PART 














ItESIfi. 


Wl‘l. 






n E S C R I 


P T I 0 N 






CRl 


2110R3 


DIODE 


SUICO 


OIB 


1 


DANA 


211083 


CR2 


2iir>fl3 


DIODE 


SILICO 


018 


1 


DANA 


?110«3 


CR3 ■ 


2110B3 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR4 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CH5 


211083 


DIODE 


SILICO 


018 


1 


DANA 


211083 



CR6 


2110R3 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CR7 


211083 


OIGDE 


SILICO 


018 


1 


DANA 


211083 


CRft 


211083 


DIODE 


SILICO 


Old 


1 


DANA 


211083 


CR9 


211003 


DIODE 


SILICO 


018 


1 


DANA 


211083 


CRIO . 


211083 


DIDOE 


SILICO 


018 


1 


DANA 


211083 



C‘^11 


?110fi3 


niQDE 


siLicn 




1 


DANA 


2U0B3 


CH12 


2110R3 


Dinnt- 


SILICO 


018 


1 


DANA 


211083 


CR?b 


211HR3 


nlDDE 


siLir.o 


018 


1 


DANA 


211063 


C«3 i 


2U0B3 


oinoE 


SILICO 


018 


1 


DANA 


211083 


CR38 


2110B3 


DlDDE 


SILICO 


018 


1 


DANA 


211063 



CR39 


211083 


DIODE SILICO 


018 


1 


DANA 


211063 


CR40 


2110B3 


DIODE SILICO 


010 


1 


DANA 


211083 


CR41 


2110B3 


DIODE SILICO 


018 


1 


DANA 


211063 


CR42 


211083 


DIODE SILICO 


010 


1 


DANA 


211083 


r,R43 


211083 


DIODE SILICO 


018 


1 


DANA 


211063 



C^' A4 


211083 


DIODE 


SILICO 




018 






1 


DANA 


2110R3 


COl 


100012 


CAP 


CERAM 


33 


PFD 


500 


V 


10* 


AERnVDX 


TCD-N750 


V-COl 


' 100010 


CAP 


CERAM 


66 


PFU 


500 


V 


10* 


AERVDX TC 


li-N/bO 


C03 


101182 


CAP 


CERAM 


47 


PFD 


500 


V 


10*1 


AEKOVlIX 


TCO-W750 


C04 


12001X 


CAP 


POLYS 


^06 8 


MFl) 


100 


V 


ID* 


CDE 


W.^(F156P 



C05 


120011 


CAP 


POLYS 


.066 


MFO 100 V 


10* 


CUE 


WME1568 


C06 


120011 


CAP 


PDLYS 


.066 


MFD 100 V 


10* 


CDE 


RHF1568 


001 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N364ft 


002 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3B46 


007 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N364B 



P08 


200037 


TRANS 


SILICO 


NPN 


2N3646 






FAIRCHILD 


2W3B46 


009 


200037 


TRANS 


SILICO 


NPN 


2N3646 






FAIRCHILD 


2N3fe4B 


010 


200037 


TRANS 


SILICO 


NPN 


2N3646 






FAIRCHILD 


2N3B4B 


ROl 


000222 


RES 


CARBON 


2.2 K 


5* 


1/4 


Ml 


UHHITE 


RCU7r.F222J 


R07 


000153 


RtS 


CARBON 


15 K 


5* 


1/4 


Ml 


UHMITE 


RC07GF153J 



R03 


000222 


RES 


CARBON 


2.2 K 


5* 


1/4 


Ml 


HHMITE 


RC07GF222J 


R04 


000153 


RES 


CARBON 


15 K 


5* 


1/4 


W1 


OHMITB 


KCU7GE153J 


ROB 


□00123 


RES 


CARBON 


12 K 


5 % 


1/4 


W1 


OHMiTt 


RC07GF123J 
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PARTS LIST 



ASSEMBLY A00894 
«EF. PART 



OESIG, NO. 






1) e S 


C R ] 


[ P T 


I n 


N 






A-kOK 000243 


RES 


CARBON 


24 


K 


5% 


1/4 


W1 


IJHMiTfr 


KCII7G(-;><1 -i.l 


B-KOW 000243 


RES 


CARBON 


24 


K 




1/4 


W1 


ohmith 


kC07f.F?4H.I 



RIO 


000273 


Res 


CARBON 


27 


K 




1/4 


W1 


OHMITE 


KCn7GI-?73J 


R14 


000153 


RFS 


CARBON 


lb 


K 




1/4 


W1 


(iHMITb 


KC07GF153J 


Rib 


000273 


RES 


CARBON 


27 


K 


bX 


1/4 


HI 


OHMITh 


RCnVGF? / 1.) 


Rib 


000R2? 


RES 


CARBON 


8*2 


K 




1/4 


HI 


UHMITfc 


RCUyGFM?2J 


R1 7 


000153 


RES 


CARBON 


15 


K 




1/4 


HI 


OHMITE 


RCU7GF153J 



RIH 


0001 04 


RES 


CARBON 


100 


K 


5% 


1/4 


HI 


UHMITF 


KC07GF1 04J 


R 19 


000822 


RES 


CARBON 


8.2 


K 


bX 


1/4 


HI 


OHM 1 T E 


RCU7GFH22J 


R20 


000153 


RES 


carbon 


15 


K 


b% 


1/4 


HI 


OHMITE 


RCU7GF15 3.) 


R2l 


000153 


RES 


CARBON 


15 


K 


b% 


1/4 


HI 


OHMITE 


KCn7(,F153.) 


R22 


000153 


KES 


CARBON 


lb 


K 


b% 


1/4 


HI 


OHMITE 


KCU7GE 153,1 



r:>3 


0002^3 


RES 


CARBON 


27 


K 


5% 


1/4 


HI 


OHMITE 


RCM7GF273J 


rc ? ^ 


000333 


RES 


CARBON 


33 


K 


5* 


1/4 


H 


OHMITE 


RC07GF333J 


-< 2 *> 


000822 


RES 


CARBON 


8*2 


K 


5* 


1/4 


HI 


OHMITE 


KCn7GFH22J 
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PARTS LIST 



ASSEMBLY 

REF. 

Mpsir,. 

CKl 
CR2 
CR3 
CR13 
CHI A 



CR24 

CR25 

CR37 

CR 3 H 

CB 39 



CR 40 

CRAl 

CR 4 ? 

CR43 



CH 45 

CR44 

Ck4V 

CR4R 

C.t<4Q 



CR 50 

Cl 

K-Cl 

C 3 

C4 



CtS 

Cf- 

C 7 

CH 

C4 



CIO 
01 
tl? 
07 
OB , 



009 

010 

on 



402 SCU 

PART 

NO. 

2110 R 3 


DIODE 


SILICt) 


DtSCRlPTllJN 
OlH 1 


DANA 


2 UOH 3 


2110 B 3 


DIODE 


SILICti 


OlH 


1 


DANA 


2110 B 3 


211083 


DIODE 


SILICn 


0 ] B 


1 


DANA 


2110 K 3 


2110 H 3 


niODF 


siLicn 


OlH 


1 


DANA 


2110 H 3 


2110 P 3 


DIODE 


siLlcn 


018 


1 


DANA 


2110 B 3 



211083 


DIODE 


SILICO 




01ft 


1 


DANA 


211083 


2110B3 


DIODE 


siLicn 




OIK 


L 


DANA 


2110H3 


2110B3 


DIODE 


SILICU 




OIB 


1 


DANA 


2110H3 


211083 


DIODE 


SILICO 




018 


1 


DANA 


2110H3 


211083 


DIODE 


SILICO 




OIR 


1 


DANA 


211083 


211083 


DIODE 


SILICU 




018 


1 


DANA 


211083 


211083 


DIODE 


SILICO 




01ft 


1 


DANA - 


211083 


211083 


DIODE 


SILICO 




018 


1 


DANA 


2110H3 


?1 1083 


niUDE 


SILICU 




OlH 


1 


DANA 


2110U3 


211083 


DIUDE 


SILICU 




OlH 


1 


DANA 


211083 


211083 


DIODE 


SILICU 




018 


1 


DANA 


211083 


211083 


DIUDE 


SILICO 




018 


1 


DANA 


211083 


211083 


DIODE 


SILICU 




018 


1 


DANA 


21111H3 


2110B3 


DIODE 


SILICO 




^18 


1 


DANA 


2110H3 


211083 


DIODE 


SILICO 




018 


1 


DANA 


211083 


211083 


DIODE 


SILICO 




Olft 


1 


DANA 


211083 


'100012 


CAP 


CERAM 




33 PFD 500 V 


lOX 


AEROVOX 


TCD-N750 


101145 


CAP 


CERAM 


100 PFI) 500 V 


10«1 


AEKOVDX 


SCD1X5F 


121093 


CAP 


MYLAR 


*047 MFD 100 V 


10X1 


CDE 


WMF1S47 


121473 


CAP 


MYLAR 


,0015 MFD 100 V 


10X1 


CDE 


WMF1S47 


121473 


CAP 


MYLAR 


,0015 MFD 100 V 


10*1 


CDE 


WMF1S47 


121090 


CAP 


MYLAR 


,015 MFD 100 V 


10*1 


CltE 


NWF1S15 


110017 


CAP 


TANTA 




1 MFD 35 V 


10X1 


KEMET 


K1C35K 


110017 


CAP 


TANTA 




1 MFD 35 V 


10X1 


KEMET 


K1C3SK 


110017 


CAP 


TANTA 




1 MFD 35 V 


10X1 


KEMET 


K1C35K 


110043 


CAP 


ELECT 




25 MFD 25 V 


20X 


DUCAT I 


25-25 


200037 


TRANS 


SILICO 


NPN 


2N3846 




FAIRCHILD 


2N3646 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N364A 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N3448 


200037 


TRANS 


SILICO 


NPN 


2N3A46 




FAIRCHILD 


2N3646 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N344ft 


200037 


TRANS 


SILICO 


NPN 


2N3646 




FAIRCHILD 


2N364& 


200011 


TRANS 


SILICO 


PNP 


009 




DANA 


200011 
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PARTS LIST 



ASSEMBLY 407501 



DFSIG. 


PART 

NO. 




D e S C R 1 


P T 


I 0 N 






PI 2 
PI 3 


200037 

200037 


TRANS 

TRANS 


SILICO NPN 
SILlCn NPN 


2N3646 

2N364B 




(-A IKCHl LU 
PAIKCHILU 


2N3646 

2W3646 


P14 

U15 

Plf> 

017 

PIH 


200037 

200037 

200037 

200037 

200037 


TRANS 

TRANS 

TRANS 

TRANS 

TRANS 


SILICn NPN 
SlLICn NPN 
SILlCn NPN 
SILICO NPN 
SILICO NPN 


2N3646 

2N3646 

2N36A6 

2N364B 




(-A IHCHIU) 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 
FAIRCHILD 


2N364IS 

2M364h 

>>N3646 

2D364h 

2N3646 


R1 

R? 

R3 

R4 

RK 


000222 

000153 

000222 

000153 

000123 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARBON 

CARBON 

CARBON 


2.2 K 
15 K 
2.2 K 
15 K 
12 K 


5« 

5% 

5% 

5% 

5X 


1/4 W1 
1/4 Ml 
1/4 Ml 
1/4 W1 
1/4 Ml 


CJHMITE 

GHMITE 

OHMITF 

UHMITF 

OHMITF 


RC07GF222J 

RCOTGFISBJ 

RC07GF227J 

RC07GF151.) 

RCo7(;F123J 


3^ 

K 10 
K16 
R17 
KlH 


000204 

000273 

000122 

000153 

000822 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARBON 

CARBON 

CARBON 


200 K 
27 K 

1.2 K 
15 K 

6.2 K 


5* 

5% 

5% 

5X 

5* 


1/4 W 
1/4 Ml 
1/4 Wl 
1/4 Wl 
1/4 Wl 


OHMl TF 
OHMITF 
OHMllF 
OHMITF 
OHM 1 TF 


RCd7(.F2D^J 

KCn7GF273J 

RC07GFI22J 

HC07GF153J 

RCU7GF822J 


R IS 
K20 
R?1 
R22 
R24 


000822 

000122 

000153 

000201 

000153 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARBON 

CARBON 

CARBON 


8.2 K 

1.2 K 
15 K 

200 OHM 
15 K 


5% 

5% 

5% 

5% 

5* 


1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 


OHMITF 

OHMITF 

OHMITF 

OHMITF 

OHMITF 


KC07GF822J 

RC07GF122J 

RC07GF153.I 

RCU7GF201J 

KC07GF153J 


R25 

R2<S 

R27 

R2H 

R?S 


000104 

000822 

000622 

000153 

000242 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARBON 

CARBON 

CARBON 


100 K 

8.2 K 

6.2 K 
15 K 

2.4 K 


5% 

5% 

5* 

b% 

5% 


1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Ml 


OHMITfc 
OHMITF 
OHM! TF 
OHMITF 
OHMITF 


RC07GF104J 

RC07GF822J 

RC07GF622J 

K(.0/GF153J 

RC07GF242J 


R 30 
R31 
R32 
R33 
R34 


000153 

000104 

000122 

000221 

000203 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARBON 

CARBON 

CARBON 


15 K 
100 K 
1.2 K 
220 OHM 
20 K 


5% 

5 % 

5% 

5% 

b% 


1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 


UHMITE 

OHMITF 

OHMITF 

OHMITF 

OHMITF 


RCU7GF153J 

RC07GF104J 

RC07GF122J 

RC07GF221J 

RC07GF203J 


R35 

K36 

R37 

R3R 

R39 


000203 

000122 

000104 

000752 

000104 


RES 

RES 

RES 

RES 

RES 


CARBON 

CARBON 

CARBON 

CARBON 

CARBON 


20 K 
\.2 K 
100 A 
7*5 K 
100 K 


5 % 

5 % 

5 % 

5 % 

5% 


1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 
1/4 Wl 


OHMITF 
OHMITF 
OHMITF 
OHM 1 T E 
OHMITF 


RC07GF203J 

RC07GF122J 

RC07GF104J 

RC07GF752J 

RC07GF104J 


RAO 


000222 


RES 


CARBON 


2.2 K 


b% 


1/4 Wl 


OHMITF 


RC07GF222J 
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PARTS LIST 



Assi-Mrti.Y 'lO^'sni 
Rf-F. PART 



DFSir.. 


Nn, 






D e s 


C K 


I P T 


1 0 


N 






R^l 


0001 3:^ 


RtS 


CARHUN 


13 


K 


h% 


1/4 


Ml 


1 )HM I \ \- 


kCM/(,Fl 33.) 


RA? 


040003 


wes 


VAR I 


20 


K 


lOlli 


1/2 


W 


BOURNS 


30By“R-l-?o 


R&H 


00(i??? 


HFS 


CARHUN 


2,2 


K 




1/4 


Ml 


IlHrtlTI- 




RA4 


000104 


rtFS 


CARBON 


100 


K 




1/4 


VII 


UHMITb 


RCII70F1O4.1 



K AS 




KHS 


CAKBUN 


24 


K 




1/4 


^n. 


1 lH“l 1 1 *7 


kCuVi.H/"-* 3.J 


kAS 


{JOnH22 


RbS 


CARI^ON 


H*2 


K 


5% 


1/4 


wi 




KCIIYGFB2?J 


R47 


000103 


RES 


CARBON 


10 


K 


5% 


1/4 


wl 


OHMITF 


RCU7GFI 03 J 


R48 


000103 


RES 


CARBON 


10 


k' 


5% 


1/4 


Ml 


OHMITB 


RCn7GFl«3J 


R49 


000103 


RES 


CARBON 


10 


K 


5X 


1/4 


Wl 


OHBITF 


RCU7GF103J 



R50 


000103 


RES 


carbon 


10 


K 


5X 


1/4 


Wl 


OHMITF 


RC07GF103J 


RM 


000? 73 


RES 


CARBON 


27 


K 




1/4 


Wl 


nOhlTt 


RCr)7GF?7 3J 
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PARTS i I ST 

ASSPmHLY 400R9S 



RPP . 


PAKT 
















npsii;. 


IMf ) * 






n F S C K I P T ] 


[ n N 








CKl 


?.?OWl 


Diniih 


SILICCi 


ZHNtK 1W7!>1 


1 


l^lj TMRl 


i)LA 


li'i7Sl 


CR? 


? 


nihDP 


siLicn 


007 




DAMA 






CRA ■ 


A110H3 


nnmp 


s 1 L I c n 


OlH 


1 






?U08T 


CHS 


?} } 0ft3 


1)1 OOF 


siuct^ 


018 


1 


IIAN A 




?1 1083 


CHS 


VI ] tiH3 


ninoH 


SU iCli 


ni8 


1 






? 1108 3 



CR7 


V 1 IflHH 


ninoR 


siL icn 




niH 


] 


1 )A N /\ 


?11083 


CHR 


?1 10H3 


niiiUR 


SI LIUi 




OlH 


1 


DANA 


?U083 


CR'J 


VI H)«3 


nitmt; 


SIL icn 




niR 


1 


DANA 


?U083 


CR10 


V2001 2 


n If tup 


SI Lieu 


ZRMtK 


lN9‘i)8B 


1 




liM45HK 


CHXl 


22000A 


DKIOF 


su icn 


ZFNFR 


1M961B 


1 


MnVHRi iLA 


lA'yAlK 



CHI ? 


?11083 


niooF 


SlLlCU 


OIB 


1 


DANA 


?U083 


CH] 3 


?U0«3 


ninoE 


SIL ICt.) 


OlH 


1 


DANA 


;>no83 


CHl-t 


?11083 


niODF 


SlLlCU 


OlH 


1 


DANA 


711083 


C8l S 


? 11083 


1)1 noE 


suicn 


OlH 


1 


Dana 


711083 


CRIR 


;*U083 


OIUDE 


SI Lien 


OlH 


1 


DANA 


7110H3 



CH J 7 




OIUDE 


SIL icri 




SD4 








0 1 DOES Ik Sl)4 




COl 


in 114b 


CAP 


CEHAk 


100 


PHD 


bfJO 


V 


10*1 


AtKUVOX 


SCoiXiiP 


CO? 


1 nil4b 


CAP 


CEKAM 


100 


PPf) 


bon 


V 


1 OSK 1 


AEKhVUX 


SCD1X5P 


CU3 


101(S4? 


CAP 


CERAh 


ItsO 


PPD 


bOO 


V 


10*1 


ARkllWllX 


SCtJ7X5P 


C03 


11 001? 


Cap 


TANTA 


1 


NFD 


35 


V 


10*1 


kempt 


K1C35K 



C08 




1 10001 


CAP 


TAWTA 


6 *H 


NFf) 


3b 


V 


10*1 


KeMFT 


KR88C35K 


C07 


' 


101H41 


CAP 


CFK An 


470 


PFD 


bon 


V 


1 0* 1 


AEKilWdX 


SC01X5F 


COfl 




101*41 


CAP 


CERAM 


470 


PFD 


boo 


V 


10*1 


APRI.IVIJX 


SCI.)lXt>F 


coy 




11003* 


CAP 


ELECT 


25 


MFD 


bO 


V 


70* 


nucATi 


7s-(>0 


CIO 




11003* 


CAP 


ELECT 


25 


MFD 


50 


V 


70* 


OIJCATI 


2*9-50 



CIX 


U003H 


CAP 


ELECT 


50 


MFU 


15 


V 


20X ' 


DUCAT T 


50-15 


Cl? 


110Q3ft 


CAP 


ELECT 


50 


MFD 


15 


V 


?A)% 


DUCATl 


50-15 


C13 


noon? 


CAP 


TANTA 


6 


MFO 


?5 


V 


20X1 


GE 


29P566(S4 


C14 


120001 


CAP 


MYLAR 


• 0033 


MFIJ 


100 


V 


10»;i 


CDF 


Wi.iFll)33 


Clb 


1 lf>007 


CAP 


TANTA 


6 


MFt) 


?5 


V 


20*1 


GE 


2yF56Aft4 



Cl* 


121093 


CAP 


MYLAR 


.047 


MFD 


100 


V 


10%l 


CDt 


WMFiSA-y 


C17 


1210H8 


CAP 


MYLAR 


.01 


MFO 


lOD 


V 


lox 


cot 


Wi'iFlSl 


Cl* 


101145 


CAP 


CERAM 


100 


PPD 


500 


V 




AEKOVnx 


SC01X5F 


C19 


101*42 


CAP 


CEKAM 


150 


PFO 


500 


V 


ioy;i 


AFROVOX 


SC02X5F 


KOI 


310021 


RELAY 


DC 


? 


PDT 


24V 




1 


ALLIFL) 


AZy205f>l 



001 


20003* 


TRANS 


SILICO 


NPN 


015 


DAAiA 


20003* 


002 


200043 


TRANS 


SILICO 


NPN 


2N3565 


FAIRCHILU 


2N35*5 


003 


200035 


TRANS 


SILICO 


NPN 


014 


DANA 


200035 
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PARTS LIST 



ASSEMBLY MWB9S 
REF. 'WRT' 



D^SIG. 


NO* 






0 E S C 


K I P T I n w 






004 


200044 


TRANS 


SILICO 


NPN DUAL 


FSV 


DANA 


i*0OO4<» 


005 


200044 


TRANS 


siLicn 


NPN DUAL 


PSV 


»JANA 


;>0<)il44 



006 


200043 


TRANS 


SILICO NPN 


2N356S 


FAIkCHI 




007 


200011 


TRANS 


SILICO PNP 


009 


DANA 


?000J 1 


000 


200043 , 


TRANS 


SUitO NPN 


2N3565 


f AIKCHl LD 


PW3S6S 


009 


2^40 


TRANS 


$1^0 NPN 


016 


DANA 


2U0040 


010 


200040 


TRANS 


SIttCO NPN 


016 


DANA 


200040 


on 


200043 


TRANS 


SILICO NPN 


2N3S65 


FA IKCHILO 


2N4S6S 


012 


260022 


TRANS 


SILICO PNP 


012 


. DANA 


2000?? 


013 


200043 


TRANS 


SILICO NPN 


2N3565 


FA IWCMILD 




014 


20001 1 


TRANS 


SI Lien PNP 


009 


DANA 


70001 1 


OIS 


200011 


TRANS 


SILICO PNP 


009 


DANA 


2000 1 1 



016 


200011 


TRANS 


SILICO 


PNP 


009 








DANA 


700011 


017 


200022 


TRANS 


SILICO 


PNP 


012 








dana 


20002? 


ROl 


000512 


RES 


CARBON 


5^l 


K 


5% 


1/4 


Wl 


OHMITF 


HCn7GP51 2 J 


ROb 


001733 


RES 


CARBON 


3.6 


OHM 


5* 


1/4 


w 


OHM IT F 


kC07GP3R6J 


R06 


000126 


RES 


CARBON 


12 


N 


5* 


1/4 


w 


DHMlTt 


kCilYGH 170J 



Ri)7 


020123 


RES 


ww 


10 


K 


•ou 


l/fl 


\4 


JORDAN Jll 




R08 


040050 


RES 


VARl 


5 


K 


lOX 


1/2 


M 


BOURNS 


SOBT-P-l-'KO 


R09 


020123 


RES 


WW 


10 


K 


.01% 


1/8 


W 


JORDAN Jll 




KIO 


040003 


RES 


VAR I 


20 


K 


lOX 


1/2 


W 


BUUKNS 


3067-P-1-70 


R12 


000681 


RES 


CARBON 


680 


OHH 


58 


1/4 


Wl 


OHMITF 


RC07GF681J 


R13 


000107 


RES 


CARBON 


100 


H 


5* 


1/4 


w 


OHM I TE 


RCIT7GF107J 


R14 


000107 


RES 


CARBON 


100 


H 


58 


1/4 


w 


OHrtIft 


RCU7GF107J 


R15 


001674 ' 


RES 


CARBON 


680 


OHH 


58 


1/2 


Wl 


OHMITE 


RC20GF681J 


R16 


010145 


RES 


NETAL 


324 


K 


18 


1/4 


Wl 


ELECTRA 


RN60C3243F 


R17 


040054 


RES 


V4RI 


50 


K 


108 


1/5 


w 


BOURNS 


3068-P-1503 


RIA 


010091 


RES 


iNETAL 


11 


K 


18 


1/4 


Wl 


ELECTRA 


RN6001102F 


R19 


010145 ' 


RES 


••Hf.-.'.1WTAL 


324 


R 


18 


1/4 


Wl 


ELECTRA 


RN60C3243F 


R20 


0006 BO 


RES 


CARBON 


68 


om 


58 


1/4 


w 


OHMITE 


HC07GF680J 


R21 


000242 


RES 


carbon 


2.4 


K 


58 


1/4 


Wl 


OHMITF 


RC07GF247J 


«2? 


000242 


RES 


CARBON 


2.4 


K 


58 


1/4 


Wl 


OHMITF 


KCU7GF247J 



R23 


000565 


RES 


CARBON 


5.6 M 


58 


1/4 Wl 


OHMITE 


RC07GF565J 


R24 


000335 


RES 


CARBON 


3.3 M 


58 


1/4 Wl 


OHMITE 


RC07GF335J 


R25 


000822 


RES 


CARBON 


B.2 K 


58 


1/4 Wl 


OHMITE 


KC07GF822J 


R26 


000101 


RES 


CARBON 


100 OHM 


58 


1/4 Wl 


OHMITF 


RCU7GFIDIJ 


R27 


010114 


RES 


METAL 


4.02 K 


18 


1/4 W 


ELECTRA 


RN60D4071F 


R28 


010114 


RES 


METAL 


4.02 K 


18 


1/4 W 


ELECTRA 


KN60D4n7lF 
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PARTS LIST 



i 

ASSEMBLY A008<)S i 

REF. PART 



DES!G* 


NO, 






D E S 


C H I 


P T 


I n 


N 






R29 


0102S9 


kES 


METAL 


12 


K 


1% 


1/4 


W 


ELECTRA 


KNftOU1202P 


R30 


010300 


RES 


METAL 


750 


OHM 


1% 


1/4 


W 


ELECTRA 


RNftOUTSONP 


R31 


000101 


RES 


CARBON 


100 


UHM 


5% 


1/4 


W1 


OHMITE 


KCltTGFlfHJ 


R32 


onoiM 


RES 


CARBON 


160 


riH(^ 


5% 


1/4 


w 


DHMITE 


RCOTfiFlfelJ 



R33 


000101 


RES 


CARBON 


100 


OHM 


5% 


1/4 


W1 


OHMITE 


RCM7Cihl01J 


R34 


000752 


RES 


carbon 


7.5 


K 




1/4 


W1 


{)H«1TE 


KCUVfiF752J 


K35 


000201 


RES 


CARBON 


200 


OHM 


b% 


1/4 


W1 


OHMITE 


RCn7GP20U 


R34 


000101 


RES 


CARBON 


100 


OHM 


5% 


1/4 


Wl 


UHMITE 


RCU7GE101J 


K37 


000151 


RES 


CARBON 


150 


OHM ■' 




1/4 




UHMITE 


KCf}7GE151J 



R38 


0001 ni 


RES 


CARBON 


100 


UHM 




1/4 


Wl 


IIHMITE 


RCOTGFKUJ 


R39 


000221 


RES 


CARBON 


220 


□HM 




1/4 


Wl 


OHMITE 


RC07GF221J 


R40 


000102 


RES 


CARBON 


1 


K 




1/4 


Wl 


OHMITE 


RCU7GF102J 


R41 


000133 


RES 


CARBON 


13 


K 


b% 


1/4 


Wl 


OHMITE 


KC07GFl33,t 


R4? 


000150 


RES 


CARBON 


15 


OHM 




1/4 


Wl 


OHMITE 


RC07GF150J 



R43 


000220 


RES 


CARBON 


22 


UHM 


5* 


1/4 


Wl 


OHMITE 


HCri7GF220J 


R4<^ 


000150 


RES 


CARBON 


15 


OHM 


5% 


1/4 


Wl 


OHMITE 


RC07GFl5nj 


R45 


001260 


RES 


carbon 


3*9 


K 


b% 


1/2 


w 


OHMITE 


RC20GF392J 


R46 


000150 


RES 


CARBON 


15 


OHM 


5% 


1/4 


Wl 


OHMITE 


RC07GF150J 


R47 


000122 


RES 


CARBON 


1*2 


K 


5% 


1/4 


Wl 


OHMITE 


RCD7GF122J 



R4B 


020359 


RES 


ww 


13*8 K 


-OIX 


1/8 


W 


JORDAN Jll 


RA9 


000153 


RES 


CARBON 


15 K 


5X 


1/4 


Wl 


OHMITE KC076F153J 
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PARTS LIST 



ASSEMBLY 402522 



REF. 


PART 
















DFSiG. 


NO. 






D E S C R 


IP T 


I 0 N 






CRl 


210004 


DIODE 


SILICO 


SD4' 






DIODES IN 


SD4 


CR2 


210004 


DIODE 


SILICO 


5D4 






DIODES IN 


SD4 


CR3 


210004 


DIODE 


SILICO 


SDA 






DIDDES IN 


SD4 


CR4 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


SD4 


CR5 


210004 


diode 


SILICO 


SD4 






DIODES IN 


S04 


CK6 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


SIH 


CRT 


210004 


DIODE 


SILICO 


S04 






DIODES IN 


SD4 


CRft 


210004 


DIODE 


SILICO 


S04 






DIODES IN 


S04 


CR9 


210004 


DIODE 


SILICO 


SD4 






DIDOES IN 


S04 


CKIO 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


SD4 


CRll 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


S04 


CRl? 


210004 


DIODE 


SILICO 


S04 






DIODES IN 


S04 


CR13 


210004 


DIODE 


SILICO 


SH4 






DIODES IN 


S04 


CR14 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


S04 


CR15 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


S04 


CR16 


210004 


DIODE 


SILICO 


S04 






DIODES IN 


S04 


CR17 


210004 


DIODE 


SILICO 


SD4 






DIODES IN 


SD4 


CRIB 


220015 


DIODE 


SILICO 


ZENER 1N967B 




MOTOROLA 1N967H 


CK19 


220015 


DIODE 


SILICO 


ZENER 1N967B 




MOTOROLA 1N967B 


Cl 


12108fl 


CAP 


mylar 


,01 MFD 


100 V 


10% 


COE 


WMFISI 


C2 


121088 


CAP 


MYLAR 


,01 KFO 


100 V 


10* 


COE 


WMFISI 


C3 


12108B 


CAP 


MYLAR 


,01 MFD 


100 V 


10* 


CDE 


WMFISI 


C4 


121088 


CAP 


MYLAR 


,01 MFD 


100 V 


10* 


CDE 


WMFISI 


C5 


120072 


CAP 


MYLAR 


.01 MFD 


600 V 


10* 


COE 


WHF651 


C14 


110041 


CAP 


ELECT 


250 MFD 


6 V 


20* 


DUCATI 


250-6 


C15 


110036 


CAP 


ELECT 


25 MFD 


50 V 


20* 


DUCAT I 


25-50 


C16 


110036 


CAP 


ELECT 


25 MFD 


50 V 


20* 


DUCATI 


25-50 


C17 


101174 


CAP 


CERAM 


.001 MFD 


500 V 


10*1 


AEROVOX SCD3X5F 


CIR 


101174 


CAP 


CERAM 


.001 MFD 


500 V 


10*1 


AEROVOX SC03X5F 


01 


200035 


TRANS 


SILICO 


NPN 014 




DANA 


200035 


02 


200011 


TRANS 


SILICO 


PNP 009 




DANA 


200011 


R1 


031450 


RES 


CARBON 


220 K 


5 % 


2 M 


DHMITE 


RC42GP224J 


R2 


030008 


RES 


CARBON 


200 OHM 


5* 


3 W 


DHMITE 


4399 


R3 


000202 


RES 


CARBON 


2 K 




1/4 W1 


□HHITE 


RC07GF202J 


R4 


000202 


RES 


CARBON 


2 K 


5 % 


1/4 Ml 


OHMITE 


RC07GP202J 


R5 


OOOlSi 


RES 


CARBON 


150 DHM 


5 % 


1/4 Ml 


OMMITE 


RC076F151J 


R6 


000151 


RES 


CARBON 


150 OHM 


5 % 


1/4 Ml 


OHMITE 


RC07GPIS1J 


R7 


030007 


RES 


CARBON 


150 OHM 


5* 


3 M 


OHMITE 


4396 
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PARTS LIST 



assembly 40252R 
BEE. PART 

DESIG. NO, OESCRIPTIUN 

RH 030007 RES CARBON 1550 UHM 5* 3 H UHMITE 
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